
esp@cenet - Document Bibliography and Abstract 



1/1 ^— v 



m. 



SEMICONDUCTOR ELEMENT 



Publication date: 

Inventor(s): 

Applicant(s): 



Patent Number: 



JP2003273473 
2003-09-26 

YANAGIMOTO TOMOYA 



NICHIA CHEM IND LTD 



Requested Patent: JP2003273473 

Application Number: JP20020320916 20021 105 
Priority Number(s): 

IPC Classification: H01S5/343; H01L33/00 

EC Classification: 

Equivalents: 



PROBLEM TO BE SOLVED: To obtain an active layer and an element structure having excellent light 
emitting efficiency in a short wavelength region of 380 nm in a semiconductor element, particularly in a 
light emitting element using a nitride semiconductor and a laser element. 

SOLUTION: In the semiconductor element of the structure that an active layer 12 of a quantum well 
structure including a well layer 1 and a barrier layer 2 is sandwiched by a first conductivity type layer 1 1 
and a second conductivity type layer 12, a first barrier layer 2a is provided at the side of the first 
conductivity type layer 1 1 and a second barrier layer 2b is provided at the side of the second 
conductivity type layer 12 sandwiching at least one well layer 1a in the active layer, the second barrier 
layer 2b has band gap energy which is smaller than that of the first barrier layer 2a and the barrier layer 
is asymmetry. More preferably, since a carrier confinement layer 28 having the band gap energy larger 
than that of the first barrier layer 2a is provided in the second conductivity type layer 12, a band structure 
opposed to a non- symmetrical structure of the active layer is provided in each conductivity type layer 
sandwiching the active layer. 
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a*> F** y :/x*;i^-#**<fc*«fc3fcftl*BJB 
[0 0 2 1 ] rtffil»fiJBa)lK»<i:LTtt. Stt^F^tC^ 

^xi*iwi»aji«t o hftmiz&mzntzm 1 

ftKflMt«ttt<ttt>. *#F»^©*ir U7ISA 

g/i^JP ffi#TA l satb^aTft^CiilcJ: 

tti&tlid^T**. Sic. F*)gEKIIJl£J¥JK£-r 
£<h, ftttI4Wli^t<^D, A 1 **tr»fc 

[0 0 2 2] ;ifl>WK l*iVMM**1Ift* ^JA«05 
(b) K*5HT, fc^figSKgif 2 c £#Wm 1 b£:fr 
UTE«SnfcB'J<7>|»eB 2 d Tfe 

2 cD»^JiO^>ft < t fc-^cfc 0MJ»*/hS < -T^<h± 
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fcO. »*L<tt#FJiM©l»«JBOttJDtJP. Tftfa* 
[0 0 2 3] rtg&P»glI©^iis£$ljgg<fc LTtt. fl-WC 
nil. ^2®m^S* t P^®'^* ; S*i° ,:: > 

licit mi<o#mmt.mmz* nmTm®&\ i -72 
n. isttJirtfc*v»T. p^s (*2»«s«> ©5S< 

St. nS^* U 7*<#£ET££<!:'e. p^Jfifi^S 
T, iSttJi©*«< *TS&*Wfcn 'J7 

[0 0 2 4] #FS<D^FIt#li(IStUT«. 

i$Matm2<oi$sewns?Ftt ! feiifi«tUTtt. 

TS<t^lC. m2<0»ggconS^ii56 i i3i8S*- »1© 

»SS«kO ! b^s<-rsc:fr. nmm (Siiii 

0) i^C + t'JTBAWWtftO. £fcffl2tf>W 

[0025] sfc, &®msieic. Fi**u. 

08 (b) -08 (d) izmt&oiz. &ifl©K- 

»gSOH-^>K*. A#K>KttJBl*«3!Ji*<nl!! 

nl^WSS:. Sg 1 igttS!JSrt© 
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[0 0 2 6] eUiOSHMIIifiClJ^T. tfUESttJB**. 
g{fc^g#^e>&S#F^ilgBJI<t£*rL. SfU i£ 

m^m-t^^^w-m^^m^tz^m^m^z^ 
«fc 5 ttfi8**©»ft*^cfe^T««>T*rfl!fc* : F*l 

tiTi^nsfcft, sici^ensA i suits 

«<M>*fc«ifi£-C*, USAttSfc. 1*1 gB« 

^05*#M?ifflP£tLT«. GaN. Al x Ga,. s 
N (0<x^l) . A 1 x I n y G a j_ x _ y N (0 
<xs£l, 0<y^l. x + y<l) T«aft*t*® 

«. 2 7cgS©G aNTfeSi&i:!! fi£fiB#tC^^7t: 

AJffttOtf*. 3tcSH©A 1 X G a X _ X N (0 
<x^l) £TntfGaN<fc9fcffii££©f8ttiftA#** 

*p*.TfS*eA<J**"?*- 47ciIil©A 1 x I n y G 
ai _ x _ y N (0<x^l. 0<y^l. x + y< 
1) T*n»i, 1 n«r*trJltJCJ:0. 

X, *#BCtt. Al u In v Ga!_ u _ v N (0< 
u^l. O^v^l, u + v<l) TiiSnSSft** 
i^^ffll^CiAiTtS. p£gJIte#FJl«fc9t>A> 

F ^ y 7x * -*<:*: £t>:t©. ±f2iifl»&©#j s Jf 

tC&oTte, #F«©A )SH,J:fcx«fc0*>. iH»A 
1 «*ttu 5 K (x<u) . SSflSft** 
#£rfflt>*C: d©K5. JffSbOi. mlfEfl 1 

o»ii©Aiisttut. Bi)ie#F®<7)A i gmtx 
,i©M#o. ltiL u-x^o. ltt*. cna, 

-2>fc*lC 0. l«±©Allf B tk©iTfeoT. Al 
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£n&. *fc, A 1 fiSJttf>2 (u - x) 0±Pg<h IT 

A 1 fifltfcu j £Sf§2 CO|$^^(7)A 1 fiflttu 2 £<D 
u r u 2 , tlTtt. 0. 0 2K1 (u r u 2 
SO. 0 2) , £?£L<te, 0. 0 5J^± (uj-Uj 
SO. 05) ft C<hT'£>fto ^lt0^^®<h^2O 

±SBLfcS 1 OKH/itc^ft*^ U 7^3&*!>$fi6£5S§l 
T*. »*U<tt0. 0 5«±<ht^^(i:^ ^n^ff 
fittt>cDi:"C*a, ftth*. *lO»ifi^Alfifl 

ftl2<fc\ U7Baa6**ST#, *fcS2© 

PSfiS^A 1 S»Jt*/h£< It, /OF^t7^ 

[0 0 2 7] *&, ±EaYK«^W#*ffl^fc*^l-4$ 
1>T, S2W8ftI<0 / M<<i:fe- 
A 1 fc«tra<t«*W*^Sft*»»*ffl^*^ 

a i %^tsmit®¥mi*&*>tez>&i <o*m#m* m2 

¥38^**^1- *5<^T. fSttH«rftO#W«3S)BW^A 1 

[0 0 2 8] ±»LfclfflE*lO|»M<0lRJ» 
(MB»2O»«)IOKJPJ:0t)/h«<-r«C^:T. 

BilCiWt U 7SAtffi4fc©it#. «t** 

litii, sits. js2W«aui©Mic«aanfc* 
^k&^t. K i <Dmg.mv>mmz*L2 to 

0. *fc, fg2ORBJI<7)KJP£mi^fiJfcfc0t>*: 

aftHicttA i «»tko*#aafk«i*w#3&«ffl(f^n* 



1O*»B<0«£*CWU A 1 t«0«ft»* 
W#*6«:*JI2 0PIIIJB»CJt«bT, A 1 SSttSriS 

FJI(£>^/££l*i§i-e#ft. 

[0 0 2 9] 3KlCfiF*U^««t UTtt. fB 1 <0&$|gJI 
0MS^3 0 AJ£k±l 5 0 A«T®«B4:U KI2COPI 
IlOR9*«5 0 AJW±3 0 0 Al^T^ffiit^Ci 

»a*i5te&Kff£T£, fff*L<tt5 0 AJ^±£TftC 
it, Bii»»»*»»fc«JBt"C**. Cfttt, Sill 
(OWaHOttjPd^/hSi^, H5 (b) fcS-T-fcpK:. 
*t U 70 h >*JHJS^4t § ti?)t* 0 , 3 OA 

ftsct^Tt*. mKDm&mof&m* 1 s o aj^t 

5 (a) 5tfB5 (b) (C^f £ ? S2§til2 
8. 2 9^pIlT6S«&l:, p-ng^2^i 

SSK, JB2W«aa«rt«C*5^T, JiiBLfc** 
U7Ha*B2 8ll SteHiBflSlcEBS*!. I^CO 
*t'J7Bii»IH *#&A>F***y^x*;U*- 
IftriEtUTttffiOJilClt^TA 1 ** 

gSTWTftB£&9, ^(dz^\z^ D^(Dm\z\t^x 

<, SS2£>RgJg2 bfcL £<0«fc5ftSMcJ;ft#FJI'^ 

<hfcft, ZCDfztb. »SKtt5 0 A£*±tf>^)f <h"tft 
3£lc»*U<tt8 0 AWit-rs^iitCcfc 

ft. K»0±HtbT»4. 3 0 0AJ^T<hT^)C 

ff»L, *fc» 2 3 0 0 Act0^c# 

% l itSSii^^ + t 'J 7*«#FJB*^«tlfc 
"J 7Ha»»K:J:0BBi;ii«6 6tlT4 t ^U 7^fflii 
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CO 0 3 0] Sit, ±5zBLfc^^ir*5^T. iWSB^lW 
mUB. B2»B8!BrtC. WIEJB 1 ©¥W#H. SB 2 

S2lSISrtOi7 7yHS*^2 
cD¥B#B«fc?> t>A> yTx^n-^-A^^T 
■SiffSL^. :nii. ±j^Lfc«t-5(C. SPiMJlT'CD 
U7Bii»4:tt»J«cgttJBO^HcM:»t*J:i:T. ft 

JtHii«e>©^5y FB*KW-*«£fctt. Bl. 2«i 
{fc&¥ig#B&#;tf-f FB&£<tT-£. «c4J*»-0. ft* 
<D«fc 5tC. f£ttB«fc 0 t>*#fcA'> F=F-V 

»4fcOtI/T. B^BBSBBT**. A#M»Ctt. 

tt. ffl 1 cD^Sg^H. SB2 0*W#JB*«. -etl^riA 1 

*ig#JfcDA 1 SSita*. SflfEJBlOWfiH.kO'b/hS 

ffinfcJglHtcDB'f- -e-coft&W^HMSii 
tLTH B6 (a) tc. 55**^2 0 0 tLTSt«t 
S£2 0 1 CD±tC. B 1 ©*SM2 0 2 fc-^tf 

b i ^ms* ji ii. »i (om&m 2 a . #fi u. $ 

2W»II2bSttSgtti2 0 3 ( 1 2) . S2ffl 

¥^*^2 ost^t 'J7aa*@2 0 4&<£tsm2m 
tit 1 3 t*«fB**nfc«jfitT?**. ccti6 

(a) tt, WH41S2 0 1 _hC±ffi3R J ?-«iSa*IS:tt'b 

n. ii2 0 7 ^s«coss»cK^6nT. s«£J*a, 
t # * m m m <n - *t cd b & a< *t fa e m $ n t b & t * 
0. H6 (b) «. gfaom-ffimiz&mnmmv-tt 

cDB&#SBB;**lfc«ifT'&-5. 
[0 0 3 1] SCff$U»*tftl/Ttt. hSSBBISSB 

sb. m2^tis®ic^n j e*iigtt'infe^^-f hit- 

HtfUftmwztoHT . BlBBBBrtKBWfcnJfc** 

Jl) i O'hSi'VO K^t 7yx*j^-ffli 1 . 2<D 
ftjfc#-f FBKffl^SCttfT*. Sft* 

£< LfcB?«»©»J*#^B£fc*58>fcB^a<»€>ft 
5. CCDPS. *?£L<te. Sitf-f FJIrt*. Bl, 2cd¥ 

<T5CiT. A 1 jgSJt£<g;< L,£:B 



•5. Tfcb*.. A 1 Z-StS&im^m&fr £fc-5Bl <D 
IIIiiOfcA 1 ©Sit CD (SUM! 1 B2CD 

FBKBHSCfC. 12 (b) 
lC^-r«fcp(C SttJI£&trTa$tt#-f FB2 6. ±8B 
ft#-f F/§2 9<DA 1 iglitt;£'h£< L;tBig£T£. 
SttBRtfB^ttOA 1 fiJfttt*te<»*.T. BAtt 

[0 0 3 2] Z.toZ.^tiltlSt HBT*»Sftfcgfil 

ftfc4*tt©B : F*» ; 5i:£a f B1ifi£&*. ABW&BB 
iLTIt SttBft*»r*3t*-f HBStfcA/T. ffie 
^litll. m2«mS!BtC?tH3i*«d7 7 V FH*< 

■?-n^-*n3s^^n?.«i:^ic, gsi#tnw?5 7 

FB#. S 1 o¥S*)S J: D H^t f ^l*^* 

-*<;*:#<. BBl mW.mmft<D?5>-y FJH*«. Mil CD 

T. g<b#'J OkBBSWiWBKis^T/^ F** s> 7 

\t^r<Dmm\za^x^vrzmma^mttjiO . b^ 

oTffit^-S. Ttefc>*>. A 1 *-&trBfb& i l £ B#a>'=>& 
•5TSI5^5-> H12 5 <D A 1 mMi)£ZTBftfl -i H^2 
6 (M51cd^^®) «fc0fc^:#< U. Sit A 1 £-&tr 
<g.fc<&*mWfrZ>tS.%±.W>? V v H130COA1 m&it 
^.h^>%ii^ KB 2 9 (Sfl2cD¥iS}#B) «fcD*>*#< 
nctT. S^-f KB«k0t>a»r^cD/jN$t^lBji«6 
CDi' HiiTtS. CCDP5. Mlc»Sb<f*. 02 
(b) lc^T«fce>tC. 3tHiia?)CD=&i7 5^ h'fflcDA 1 m 
Stfc^rMI 1 cdKMB 2 a«fc0t>/hcf<TSCli:T. Al 
igSit^{fi;<«l^.T. ^ISiii6lC ! ^St^«>JfK'c?cDi7 

[0 0 3 3] ±ie«fi£IC}JDAT, SUCD^SIA^. B5I2 
>7*; HB«k 0 t>A> K^+- !V T'X^.Jl/^— *5^#t,^t> 
cDfT-SCliT, «»tt^«n-SB^BB«5BJ«*«^fliB 

[0 0 3 4] ^±!C«fc0. Z.<D£ottmtii&GTZ>%ft. 
[0 0 3 5] 

C^b^cd^JEcd^^] «T. *««o*i*fi:ot> 

B»^nfcB-«r/j:»*st©*B*. A 1 G a A s . A 1 G 
aPfti'. (CjIfflT'$-5fccDTS.-5. 
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[0 0 3 6) *RVi<D&fcta*m»<0&ttm^&3Lit 
GaN, A 1 Nv fcL<«InN, 

xttcnsojBST** i i i -vse£ft«¥3*# u 

n a A 1 eGaj^.^N, O^a, 0^0, a + 0 
^1) T*0, ^^cCniCjbDAT, I I I$i7t;3t£bT 

ESTfeJ:^. *&, A 1 £^tr^ft%¥«# 

«e>oT*o, i n*#traft«*w*tta>o-e* 

(**^tt. GaNgK^Al^Oift 

nmmiz, tn^n^u< l^i-ooa 1 £<atrgft^ 

[0 0 3 7] S{fctt¥«#»K:ffl^*nS**6« 
iLTH Si, Ge, Sn> S, CX Ti, Zr§0 

KlJSi, Ge> Sn^ * 6 II* t>»* L < \t S i 

H*t. Be, Zn, Mn, Cr, Mg, Ca&£**^tf 

[0 0 3 8) J^T> *MBlC*W"*»JBfc^T, 

[0 0 3 9] *JHBi:i5»-6gttiibTH #£L< 
liif #F«fi*f fe^T* 0 » GaNSKIJA 

1 S#trSfttt¥W#*>Ste*#F«£<TU A 1 
traft®J^^#^« L < tt I niAl *$ttSft«l#i»# 

3 7 5 nmJWT05Wt&*i"*fittfifciff*L, 
#ifcfi3 7 5 nm£ATT***>OT**. £ 

\Zte^T* KttsafttfBlft*. »*L<», 



#F$ig£LTte, |fflE#FJB*:4>tt< tt> IB* 

[0 0 4 0] *5S^Jw*tt5#FHi:bTtt- GaNS 
<. |£GaN, A 1 ft«0*ft«l**#*6ft*#FJB 

±ESft»¥Wtt*>Sfc*#FJB£T*£<i:T. £&fi 

#Mfta«tLTH I n tt G a !_ tt N (0<a^ 
1) tfflMCtr **«*&pJ«X«»T©A»tt 

**«3 7 5 nmKii^SSFISffl^^*^ 

RffMaa«tLttt» ±EI n a G a !_ a N 
(0<aS 1) 3&«»*b^. 

[0 0 4 1] *%H^C7)SfeS%^ A 1 «:«&tJgfttt¥» 
#^6^S#FIH nGaNO#FiTBB 
AttWKte* GaNO/t>F*ty^l* 
W-T*5«fi3 6 5 nmftifi, gb<l«nct0g 
^jfifi^#St)0)T*0, ^lCffig3 7 5mWT^7t 

ST$>£o Ctlli, I n G a N 3 7cSS(0#pI 

Ttt, GaNOA>H*t!y^x*M-©i)tft3 6 5 
nmlffiTIt WAtf3 7 OnmTil, I nttJ*tt*«l 

$>^>. *58«TI1 »$L<ttGaNgL<ttA]S:t 

*JS!l*M«t*Jt^HilT*ofc 3 7 5 nmOi^S^I'^ 
^T, A 1 aflEttx***<T«»C4:TA>H^^y7 r 
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[0 0 4 2] fi«4»3fcO#FHK:fl!^SftS 

x ln y Ga,. x . y N(0<x^L O^y^K 

x + y<l) TSSilSfi^tD. »*L^ft«4:b 

Ttt. 3Saa©Al K Ga,. x N (0<xSl) . 

4 7ClS^AI x ln y Ga 1 . x . y N (0<x^ 

l % 0<y^K x + y<l) S:ffl^5:tT*0, @ 

SStttS 2 7t?g||<7>G a Ni^6S#PiSffl^*Jl 

[0 0 4 3] UT, A 1 «r*tT»KHl*«M*0#FJBlC 
O^Tf*L< ft^-Si. A 1 <h I n Off 

KJ:D, A 1 **tfa<k*¥*#»C<k*»v^j6**afP 
I nBAIfcyjWaSOtttaA 1 *#tf£fl:«l¥8l 

#*#FJHcffln3£. :nn a<t«¥W#^J«ft«- 

fflt^nT^SMOCVD^tifilcfiStH ffi!$.7t 

ic, a i <h i n & <0R£ic j: o«»tt«{boraa*»* 

£CT, Alii n fc*tr*fbtt¥*# % «AtfA 
l x In y Ga 1 . x „ y N(0<x^l, 0<y^ 
1, x + y<l) . Al***Inft«ft^aft«l* 

«AtfA 1 x Ga !_ X N (0<x^l) , lC:fc 
»*A llftSStfcxtt, HrfclRffiSnr. a l ft*Jt*« 

— , d£T*S. -tibi:, ±2iLfc 

ct-pUB, P. As«*ffl^t. 5 7cfiASU:<D*7C{t 
t>"5J »$L<ttA 1 I n G aNtf)4 7cE 
A. A 1 G a N0)37cSaiT^-<i:T, C07C^(r1± 
©K«*R^-C, ttAI£Ofifffc#FflO«fiW*pJffii 

[0 0 4 4] ::t, Alii n^Sft»*«#. 
fi»JAtfA 1 x I n y G a 1 _ x _ y N (0<x^K 0 
<y<;i. x + y"<l) tcfctt* I njgStby tLT 
tt. **U<ttO. 02J^±0. lETF<0«HT*tK 
J:0»*L<»40. 0 3K±0. 0 5JWTO|£KT<& 

o. o 2HittsctT, wmnmttnt. 
me>fo±fimri* o. o 3^±i-r^>ciTMic^n^ 

njfe*. 0. OSKTitSCit, JSSttSrfiffftfc 
[ 0 0 4 5] 3 6 5 nm£il3 8 0 nmRT^)i 

a^tLTH In z Ga,„ z N (0<z<l) tt 
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m^LT, A 1 u 1 n v Ga |. u - v 

N (0<u^l. O^vgl, u + v^l) TS2*X£ 

«fls«lj*«M«e*ffl^*j:t*"C**««, 3 8 

0 nm^b@<^^i:ont^li^A 1 jgStfcu*** 

BtfHCA lBAJtJ:Qfe. A 1 «»JtO/hS v^JBiU 
T» 2 ©»M*Stt«rt 6ftS c it, ttAtt 
«T*K±U »iO»«JBct0t>A liBAtt 

*«*3&*io#po. a i £<£ts&itW)¥mmz&z>j£mn 

cfcO^A 1 lB»JtO/h*^*2«>l»«JBt'r*CiT» 
±EJ»*tt*0. *©t#©«F*Hr»rt«l»BJitt. * 

1 (7)iIiJ:OfeA 1 BAJt©/hS^»fcTfttf-fc<. 
S6iz*2O»aH«fc0 ! bA 1 BAJt©*#^JI£Tn 

^<?da i ^r B it<i:i^ui"rntf, stohiii:*^ 

[0 0 4 6] #F»©BtJ»fttf#FJB<&ft<fcLT 
ftfiftRffcl/Ttt, 1 nmU±3 0 nm^TOlSlT 

*o, mmi nmMmT*#wm£LT&ft\zmmz j £2> 

A 1 $r^^S{t%^^^«^^^^ , t4^:<*r-6C(h^ 
Sii^O, *Wtt**TT*. ff*L<B2nmH 
±2 0 nm«T<Z>|gffl£T*££T* Vf. L*V>«« 
8K«l£&<B;«S^* *&. ^Sfi£S60S 

<J*&Wi3— 5*U 2 0nmttTW 
C ^T*SS^PfiO^^^{S < flP ATttAtf fctt 
MU:»SL<te* #FJfcoKJP£* 3. 5nmHl 

-S^#F«jgT«, Ri*5nm£t±it5uiT, 
±EfcH«35t»*^1l5ft*. ^«t4®^lO#F@»chL 

ffiS14M**»<&ot, vf 
Z>±#£Ja< Z££U2>tz#>> XWmcnmm* 1 0 nm 

SLh. £afi^#F$SigK*3^TfcL *t&<£>#FJI<7) 
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[0 0 4 7] #f£0JO#F/lKte, piy^*t$l3gL<te 

m^m%ot?z>ztT. KK®m<Dfa±\z^5--?z>h<D 

SB5X 1 0 i 6/ C m3|aT£*«Wl;:^tt«*<&* 
x 1 0 i8/cm3^T5x l 0 x 6/ c m 3 £X±<om 

Vf^ST^^:.!:^^. CORK #F 
tBffBi;^, SL<«/Jn^ <-?Z>Z£T~. #FilT*<2 
Z<D#f. #Fffl, *BJB*7>F — 

[0 0 4 8] ^IC, *«ffiTi^£!Kft$i*£*£ (K 
tiJ^cOLD, /W/19-LED, 7.— /t— 7 * hJV £ * 

#*ffl U (5^*tfr) # 

=?-v\t. #rm<Dnm^m.%)mf&$:* ^«c<tt>ixi 

0 i 8/cm3UtTtC-r&CtT*0. »*L<tt7> 
H-^L<8*Ktti:ni^«»S:$Wlft^a«i 

Jl/«3&«J!2:*«*«fPj^**fcA. »$L<ft^fc*, CCD 
ixi0i»/cm3. ffSKHU 

1 0 * 7/c m3«Ti"r*C£T»*. 

[0 0 4 91 *5E9!£i3HT. »BJIO»JBEtLTtt, 
JS&ft^K^T, A 1 &£Og{b^¥®#*>bft£» 



Stt»rt©£T<o*fiJB*<. A 1 *£&8fttt¥W#ft> 
#*6ft*l»BB*»ttBrtfc:R»Tt)A^. fits® 

5nmaTO(B«t(t -tn»c*HK-rs»BJB»3tt, A 

«OBfl:fl**»#OI»B«i4:UT- »*L<«A1 U I 
n v Ga 1 _ u . v N (0<uil, 0£v£l, u + 
v<l) -C**n«Blfc4fc*W**«^«Ji4:T»*. 

A 1 mSfttt*«*OKUtt t ±13 
WSTS^nS I nMttvtfOiD**^ A 1 1 
n G a NO 4 TUiiS, A 1 GaN0 3SfiftS:ffl^S: 
£j&*T**. RBBOA 1 fijStitutt, Al^ 

tr^ft*¥^#o#F/itf)A j afiEtt x «k 0 < , 
u>xilt, #FJHi:l»fiJBt<Z>WHC + »3a:/^>H^ 

$n^>o MtBB^I ntt*T41S (v> 

0) , I nffi/SJtvlco^Tte* »*L<ttO. 1«T 
tt*ciT, ±SELfc±iir»»tt©»ft*W** K 

CtlH I n«tbv^0. 1 *«A*»^»ctt. 
/SfiPfKA 1 <h I niOR«#eiL. *SAttJ&<WfcL 

(Cv^O. 0 5 LTZZLT, S6CA»ft»»ttTl» 
BJH*#JST*S. *&, ±SELfc«fc5t;:* PHH/lCD I 

fflfi£tb£jg/IIT#. *ICA 1 jfljaifclCcfc 0M> F*tf 

[0 0 5 0] £X±m*Al,tzJ:o\Z, ^Xn^MBtt. 
«iS**li*tiTtt. ±I2#F^<h^«tCA liln* 
$ttfiEfl:to¥«H*. JlftWCttA 1 u I n V G a 
^^.N (0<u£l, 0<v£l. u + v<l) 
04tc;S^, I nfiflJtv#H«0<DA I Sr^tfSfb* 
JWMSllCttA 1 u Ga !_ U N <0<u£l) 

±3$Lfci:^lC, GaN^KIi 1 n £^tT^b«¥ 
W#*ffl^«Ct3ft«T#* I n v Ga x 

_ v n (o^v ; ^i) tffl^^tt. *n«^e>#fi 

[0 0 5 1 ] lf#F*lCgttIl:fe^T t » 
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SiLfcctP^, #p»K**nfcl»fiJB*2Ji£U:£: 

[0 0 5 2] *fc, WSJBICB. ±a5Lfc#F«tW* 
kK pS!*»£«K nS^WF-^nT^Tt), y 
>H-^T*9TtA^ ffSL<llna^ttft#H 

-y$nii^/iv > H-ysi/<«7> H-^tsn 

Tl^CtTW. COP?, WgJi^Uffilx.tf niTO 
ft* H — ^r«»^lctt*©«KiUT. 5 
x 1 0 i 6/ cm 3H±F-^ftTM:iT*5. 
*#WJCtt. WAtfLEDTfeSS^lCli, 5X10 
i6/cm3j^±2 x 1 0 i8/cm3«ToeiTn 

DRMffl^OLDTH 5 X 1 0 i 7/c m 3jyjt l 
x 1 0 2 0/cm3j^T4)«ea, ffSKttlxio 
i8/cm3yi5 X 1 0 i 9/cm3|^TOl5iTH 

^. £fc> BMKna^llftt H-^r*«ftK:»4. 

-7\ -»t 7 > F-^i Lfclflct tllri. -SfloK 

n MBS® $ nAcl^M^ IC H - * C *W * L 
<K AttWKtt, n!IM»6RATni§®MIB 
n (n = 1 , 2, 3 • • O K-y-r^C<hT, €^ 

14, nSH^6**Tn#l©»fiIB n (n=l, 
2, 3 • • • ) , m#gO#FJiW m (m= 1.2,3 
• • • ) cH-mci, Ttttoft. nili:ifi^i 

[0 0 5 3] *fc, aa^jfiw^^rjiiic. m g f 
-:/opffl«^H&*Ji*is:tt*«£. nizm&mRzf 

*MttnH^ii*»**llttK«*ft^cfc-cc:ntia 
*#«l:li5x i 0 iB/cm3*Hta*J: 

[0 0 5 4 ] P»«JlOBl»tLTtt» »l:R«Sfta^ 
*«, 5 0 nmfiJlT4:UT«^#F«litft«li5E-r*c:tT 
$>0, JffS L<tt#FJB^m«»Cl nmK±3 0 nrntt 



EK#*L< 142 nmH12 0 nmWTtt^^T'fe 

R^lSSn. cfc0A»lc»BJBo««3&««t)0. 2 0 

[0 0 5 5] *^Bjofi-?#F«|jgcoS14Slc4ot^T. 

(4, ±IS2tE. 3 7CSSCDA 1 X G a X _ X N (0^x 
<1) , 4 7cEiOAl x In y Gaj_ x . y N (0 
<x£l* 0<y£K x + y<l) *^6tta#FJB 

4Sia^Al u ln v Ga 1 . u , v N (0<u 
<1* 0<v<l, u + v<l) «L<tt37CfiS<OA 

1 U G a !_ U N (0<u< 1 ) d^ftSBgii, * 
lttfiUiWTSfc©"?**, Uteftldte, B3 (a) , 
BI3 (b) , 0 5 (a) RtfUS (b) OffittJI 1 2 <h 
IT^tJ:^!:, A 1 G aNSKliA 1 InGaNO 
#FJg 1 * 1 BE*±* InAlGaN£K«AlGa 

A 1 *$tJg{bft¥W#K:«fc D . ^O A 1 Sfl/*J£ 
t^^tT. B3 (a) Rtfgi3 (b) (C^-Tct O \Z. 
3 7 5 nmHToaiiMTOM^ItaJtFltT 
#£> 0 1 J: 0 t)**«cn> F^ t 7 ^ 

X*;i/*-OBiI 2 I n A 1 G a N3g L < f4A 1 

[0 0 5 6] <SteB£*ft€:tfcirSSlW«SUB. 212 
«*£JB> **WO***»ICi$tiT, f£ttBl 2£& 
Off! 1 IK «2 *SS!® 1 3 a>«JB«JBT. 

K»LTIB»LTe«Sn*B£:. fittit^Hfti:^ 

[0057] ttxax • a«snx^*i/— if*^** 

14. 134 (a) RtfH4 (b) [C-e-C0A> F4ftifi&. Bl 
7ICK B2 (a) (DmiSMjMlZ&ttZA 1 ffi»Ji<0£fl: 
e«-TJ:5fc, SttJB*J»tt*i!f-r HJB2 6. 2 9.3E 
fc*©W*H»**tr£5y FI2 5, 3 0 OJHIcrO F 

fclxJi, Sfi4 1 0 nmCOA 1 G a N/ I n G a 

2 6. 2 9 OA 1 0 t U 0 <b A* 

*^5A 1 GaN**»ftU-1f*fm Emc^f 
ct^lC, fittJK0n«O3tt^ h*H 2 6. 3 9. giC^ 
©*HK0 5yFlOJIi:. A 1 jgath**g< L. * 
n(ZctOE4 (a) SlXS 4 (b) K^T ck 5 fCf§ttl 
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A 1 GaNSM^M^I^^TH ±IBU 
3tif< KJH 2 6, 2 9, ^yFB2 5. 3.0*. *V 

u7«a»Biwffl^fc«js* -fa**. 

2 7) ctO fcA 1 L, A>F*t7^X 

©«4*«»«ja:IBIi**ttt)Oi:«i:-3Ttifc. 

[0 0 5 8] *«9!Ttt, 0 2 (a) 2 (b) II 

^T<£?i::* f5ttI2 7^MM<h'I2 6, 29 

-£/h£<U A 1 «»Jt*/hS< Lfc«Ufifr*il4: 

AfrWlCtt, £ltt«BBniC. R10¥IM2 6# 
2, 1 will 2 a J; 0 feA> t yx^Jl/ 

Kfc^Ttt. BBBOA 1 B»JtJ:D/h*^B10¥B 

fc, £<0B«tt. *2W«fflB£fcBfll-e*, AttttC 

m2mnmmftcom2<D¥m»m2 9*. sits* 
£a i fisjfc*/hs<-r* cn^PifiBcfc 

acSttJi^fiT** m^ic. c:ne> fb 

[0 0 5 9] *»H©-BB»Bfc*tt*Bfcfc¥B# 
mm* 0 2 (a) RtfH3 (a) (C^-f <fc 5 SB 1 

©msis i i . ^2^m^a 1 3toniii:gtti 1 ztfi 

(a) £«TJ:3K:, SliiSIl 1 tit, 
* hi 2 3, T«*7* KB 2 5 , TgPTttf-Y KJ1 2 6 
*«i:«ISft, ^co±lcffittS2 7, SttJBO±lc, 
S2S1SI1 3itT, **U7BB&«>B2 8, ±95 

7lB^46)i> Jfctf-fFB. ^77 F B * =]>^^hii, 
OStMCBBO^Btt. 02 (a) IC^Tct: O IClgf* 
«£lc«££nr. ftBNHc»J©B*R»T«IBSnT 
^TfcAn. 02 (a) B*WlCfitt*** 



B«at*T*B^o«B«ae«-rBBBT*D* 0 

3 (a) JiSttBR^nS^TEBSnfcfSttJB^ 
55<<Z>BOSlB#tiI4 OSSb, 03 (b) fi-t^IBB 
mm4 0lcSSJCbfc/W7^«fil©A>F«ljt4 1, » 

icms 1 2gm§ajf nsn bbau b 2 agm^ji i3^p 

04 (a) , 04 

(b) . 05 (a) &tf0 5 (b) <£>A*> F*Si£4 1 (3 
Ol>Tfc03 (b) tRIfilTfeO* ^0*^6^ (SI* 
*<&P» tt*-JH£, B*l (ir»D^*tftn) ttB 
Wt'JTSSl, ^Bltt. 'J 7C0®j££*g5£ 

7x;^*fiE F ^^lTt^c 03 (a) fr*>t>fr2> 
#FB1 Srl*trl»BB2 a. 2 b «fc 9 fc* A*> 
K*ty^x*;p*-o*S^*i©*»#i2 6, B 
2tf)¥*?#Jf2 9, ai»tt«&RA>TEBSft, -b» ' 
T»3t^ FBtUT«^6nx^*. uCTIt B2 
ifSi (pfflSflJ) rtfc. ?£tt/IcDifi<, »*L<tt 
iglT, +tU7Bii»I2 8#R»6n, SfS2tf)¥ 
W#B2 9 £SteB2 7 iOMKKttfcttT^*. tft 
SttHWcol»BB2 aJCckO*— ;V^#FBf3fC 
H^ii*^. BTttBBB2batX/XttSttB2 7 

cisti>+t u rm^&m 2 8 ob c&#>*>ntz 

BJfitttoT^*. tt*0/ , «>HIHT»4B4 (a) 
(b) Tte, U7Ha*«fc*0*7'by 
liB«33B + <0«2 6^S14®2 7. ^I12a 
tflOBCRtfSft, M@2 7, @gi2aJ:0t)/O 

FB2 6MttBi:B»UTR»6nt, *t'J 
7S^J6(hlTSIf^^ ?£i4B2 7, Hli2al: 
B«t*»l©*»*«2 6'rit Sttii:ttU7B 
a«>*BiB4:ttoT*6r, «*>B 1 BBBBfflKEB 
^nfc^ 1 co^SS 2 aT^T, #FB 1 a 1*9 15 

[0 0 6 0] «T. #FI, PtBB, 
B <»2<0*MM*B> OB«i:o^TR«t5. *5E9J 

^ttS, »2W«BBi3i<aB**iifc«ifi"C**^ 
::tlt BiB«BB*nS©B-ft«S*W#e*T* 

n^^> ^2®m^s^p§ico^^b^¥®^^^"r5p 
mmt Lrmw-rz. ±mLtcJ:o\z, m^wmm(o 

SttB«C*5^T, nSB»JlcBfcifi< icEBSnfcnfflJ 
^S^^^ 1 co^M^, -^T. pBBfl£Bfcifi< C 

es $ nfc p mmmm 2 co^m® t l Tf^B^-r * . 

C^T, »*U<ttnffly»BBC0ifi<T, 
^lagm^® (nfflB) rtlcRttfcftfcB 1 
4:OH«iC45l^T, BlOBiBJ;0Bl^*i|#i* 

^. *§B9J0>SttBK:tt. '>a<tt>* s 1 ^iii 
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(Dnmmt. ^n^Bii^i:^< <t 1 1 -p^f 
^2^Sii (pal) 

t>pffln««wi!i!W6nfc»2«)i»BJi (p»ji»bb> * 

***&tr««#R»&nTlr»* - L 

pHB©ifi< KR»Sftfcl*BBT**fcA. Btt*« 
[0 0 6 1 ] mi OBIIH ft14JI*T§t>nS/iO 

nfflBlcBMLT»l©l*BB#RttSn*4:* «*« 
04 (b) IC^TJBffiTtt* mi?>mg.m2 a£V*n 

SJfte* Il^ilt, pSUB£Ti**n*?SttBrt 
O^F/i^*^ U7*BU&»*fc»©l»B£UT«« 

moftFSlZ** U 7£B!&tf>£:l,T«£rr£ — 
#FBlCj*S*Ufcl»BB* «*tfH5 (a) 
(b) tf)»gJI2c* 2dH ##FBK*ir 'J7*» 

JSttBrtOBfcttfi'JKBl <&I*BH* ^2 co 
»BS*KB-r*££T, SttBrt^*^ U7€:»SitC 

[0 0 6 2] S2 0»aJilC^V^Ttt. iai/ft 

2<7)KII@(CJDA.T, **U7Hi&*B«rfiH4Btt»l:: 
#FJffitC»iglC*^ U7£K&a6> ftAT££«ia<h 



ft* |ElC»^U<^g ; bpS@Oi5<lCgES^nfeKg 
i<hl, lt>»SKH BttBK*^T»fc*BT. 
pS/fffi>JlcES£^*::<hT* #Bfc**U7aA*«J 

U7Hi&AB£«MLT, BBS£fti±£ d <h *>T#3 
^ ffSKH pSSB*tD** U7Hi£#JB 2 8£tfc 

0 t>yt> F^t7 :/x*;U*-©*ei>** U 7B&» 

*-£>/h£^B2 ©RtBH U70)#Pi^ 
SAtMTtlftl/^. 
[0 0 6 3] ±»UfcB10l»SB* B2tf>Wg 

B2»«Sl»cDjfi<i;:EBSft. »ttH + <0l*BB<0 + 
Tt>«tn«©l»BBa*V©l»BB»4, «Atf» 05 

(a) RZfmS (b) iC^-T^^tC, #FJf 1 a<h#F 
B 1 b. #FI 1 bd:#pi 1 c <fclcj*3;ft;fcl*l8B»fi 
12c, 2 d £Rtt*£<fcfcT£*„ WIC^M^ffF 
BifiKlisnTtt. c<7)<fc-5tt#FB«caES*lfcrtBBI»B 

u7*<»iSJw##FB(c»Es*a, &A-iE&£>£ft 
btsas«t6ssnfe^T*o, si^n. b 

2 <Z>»gBcfc 9 life, #FBKl**ftfc 

»MOtll6*attbft^if#F*ai:T#» 
M^If^fliAT, V f co±#£«J*_* £ 

0 5 (a) l:^TJ:9t:> » 1 
2a. ^2(OHII2bJ:0fe, ;OH*t7 7 r xW 
*-©**ftrt»*M2 c it«i, 6«V*&B^6 
aAsnft+t^cflL, #F«Mi:*ftt*»*o 

»-rs»w«fflB^6*-v u7aA*rsisic, **ttrt 

e><sv^Bfiosg 2 (Dm&m&MTLTttwmiz** u 7a 

ASftfcRK:. rt»»BB*«*.T, fgl^m^JfffllC 

£tzms (b) IC^TJ;?^ Bl<0|S?gJi2 a, 
^2CT)^ft^2 b«fc0t>. #FBKJ*Sftfcl*»B2 
c, 2diT5t. Cft6rt«l;:ffiB-r*BtBBT(DB 
&&«S&£55£T. tt»K:ffl:B"r*»ia>l»BB2 a, 
S2 0B1I2 bSCftSBttBfcfcMSLTSafcSCi 
T. #FBft^*<<t'3Tfc. n8BOP»fiB***ttl» 
I^Mt^Cdi^b, S#Fi'vO*t , J70itA' 

jSbfci^lC. rtBBWBBOA> y 7 - x^.^^- 
4, BIS (b) lC5?r«fc5C ^l^¥®^^J:0t>/h 
^<t^^tt, B2*«SBfi!J*^<0*^U7aAlC 
fi^T, »fcl< OJB 1 0)l»ii*<«t)*Stt/O 
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Oiff5. Hilt, ClOPtJfSKtt. rt»»«IB©/X 

iCi-C, H5 (b) (C7K-r«fc5tc. glVBSMBBfr 
£|g 2 WBSHMKifi^ ICftoT, RKWC A> F=£ 

[0 0 6 4] £l±WWUfeJ:5IC. fl-g|5CD|geigT-<&£ 
miCD©g^2a. 2 OBtBJf 2 c tt, l*ia5W#FJl 

5 (b) \*i®>m&m : £m$ift?z>%i±® 

Ttt. SftgWeBraT, /1>H=ffy^ 

[0 0 6 5] ±a!L/c.fc^tc, &m&m^<o^m 

B2btC(i. nS!5Ftt*tH-7 r t5Ct* t ±atfcl 
ttik:J;DJ?*L<. SfcpS!HffliJ»;EB3n«>SB2©Rt 
eJlt'te. niT»«i* h*-yi-5«k0t, HlWnl 
F— /$nx^ftt>tti. 5X1 

g. Znfc£tt. *«*j8rt*JE<»:W*-«*J(fclfc:* 

o, fastest ps^tttt^H-^snst^nicist 

i5^££ia$T3<i£faK&£fc*6T&-5. Sfc. p^B 
«KiEt»JB2©l»ttJB*7> H-^tt«:tT. pSi 

SLK ftfC, +-v 'J7iflii»e 2 8&pSB + »CW 
U ^2<D»e®tCi5«UT, »*L<«^2ro^e^ 
l;:ttbTBB**l*»'&»Ctt. 'J7K&#JIttJ*« 

**U76fl&i&JIifi«»c*5^T. p-ntt£ 
*<J£fi£$*l. 03 (a) , 03 (b) , 05 (a) Rtf 
0 5 (b) «¥IC^T«fc^lC U7EBj&*&JiTte, S 

W(6]IC*-5^<hA^. SiA 1 g&ttWgflS^jSttlCfc 



2 0BI^*7> F-:/T'Jg)£-r-5£ tT. 
[0 0 6 6] Sfc. Sl^Sll. ^2©»en^wtk 

isic^t, n©nai^2©!iiij:n^ft 

BI/P<h-f 5J§£lcte. m2agm^S*lc+^'J7ISii* 
12 8 ^ISl-t-SCiT. $2 ro^e^lCi^fSttl^^ 
<D*Y U7B!&i6<8tg£{£T;*-e\ ±ffil*i» 

2 8Tt>oT. £lC®tt®^0+-V 'J7Hi£*S:*9!t* 

V f {STIC^-S-T^. SfcB<b**W#K:*^Ttt. * 

4£k *-;l/<£>j£Aa£:fc£S& 1 co|geJi<a®U¥#'h£^ 

*12 8Sliti)i^ ^L<«. ?§14JI<£>jS< . 
U<HffittBCSLTiEBSnfcm2W*^e2 9 
ifi. gg 1 o»e@«fc 0 *>*#&A-> F*-f •^T'X^M 
-£:frT5Jl£tcte. A 1 SSttOS^Ji^SttJBfcP 
SbTifttten-SCt^^-S. Z\<Dtztb. AlililJt© 

it 5 (::&•£. COJ:5a:AlIS)t©^!S; 
Jf <h«ttJf <hco^E, SKttA 1 ignite* #1^1© 

(a) . 03 (b) . 05 (a) £.#0 5 (b) (C^f 

t. /w7xa*«iB»*Rtf , r*«fi]K:»*. -r&to-fe. 
«k3 ic si cad -its*'*— y— t b-rems-tts <k»* l 

[0 0 6 7] JWT. *«K©-jt»»»C^t»TB^r 
-5. 

[0 0 6 8] *«9!i;:*m*SH t *J6iUTtt. S'F* 
F8titro?£ttJI£. ^liiS^Si^2j§«Sn<h-C. 

. JM*lft(Cte. 0 2 (a) IC7KT«fcOtC, S« 

2 1 ro±ic. iiim@ 1 1 . fStt^ 12. I2if 
S!B 1 3^«B**lfc«j8«r*r*B-?r*D. Sttll 

IHCKt*&n&B?#^MBQ&ttJI 1 2 0 3 

(a) a)ffiS«ig4 0ic^-r«fco(c. '>&< itj^ie^ 
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i mmmm 1 1 wiz&m2titz& 1 ©khs 2 a m 
^m, 2 mmmm 1 3m\z&m2fttzf&2CDm&®2 b 

$nfc'>ft< tt> 1 oro#pjg 1 &'pu< t*>G-?z>*> 

i^lC. Ctl£>!f§lWP»il)I2 aiS2ff)BI 
12btli fnfnit)Sl«lilll- ^2111 

feiCi^ffSLH. ^n«. 0 5 (a) 
(b) IC^-Tcfc-ptC. l*|g|5ICiBS^nfcl*ig5^MS2 

c, 2dt, ±.mm 1 ommm 2 a , m 2 oiggjf 2 b 

<hte. gfc £ il £ £WT 5 C <*:(::£>£. 
[0 0 6 9] *^B^T'(i. C*l<=>B$MJl£W-r-5?£ttJi 

-«£D. Jg 2 OPtllJi 2 b©A'> F*t7^M- 

(a) , 03 (b) . 05 (a) Rtf05 (b) ftt'C 

tht£ oiz, mi commm 2 a «t 0 m 2 cd&mji 2 b a* 

A> H^t 7 yi^-A^-^S tt, f 2 ill 

m 1 3ffl'ja>£»o=*-v u 7aAtc*5t^T, 0*cd^ept^ 

T «t 5 IC. fi£*OT*lS& 5 2 «fc 9 fc^^cOi&SS 5 1 cofi 
< . zhmtQUXf 5 ® 1 a ^0* + 'J 7SA 
HK. 12I1S1 1 3ffliJ<7)*+ U7 

(i, 04 , ro^EPT-^-r«fcpic. /\*> h*=F+ 7^i^M 
<, si mmmm 1 1 worn 1 ommm 2 & \z 
«fctK 1 aft\zmt&ib*>nz>. z\<om. #»c» 
£L<fi. ll^flil 1 #n§Jg-r£>9. I2S1 
3«Ji 1 3^pIiT*5i:. 03 (a) . 03 (b) , 
0 5 (a) K.tf0 5 (b) \Z7f,-t£o\Z. fcmWM\ZVc 
VTmW.T1Wmiz*:2ti.B&tfi&E!L2tlZ>z\ii-e. 

m*mtev>&.o\z. Tfr-^cotetfcs^m^ letter/hi* 
*.t, nisn l. pmmm 1 3 <Dm?mmtzim 

T. 03 (a) , 03 (b) . 05 (a) &C/0 5 

(b) lC*-r«fc^lC, ift!ftf^#$ft?ii, pni§ 

I2(OBII2 bO/O^tv/x^- 

[0070] -^t, n^sffl i i . pmmm 1 3 to 

#£#lt-f -Sxh^. 03 (a) , 03 (b) . 05 

(a) RIK0 5 (b) IC^Tct-ptC. plil3rt©i 

ti^jfi^tc. n^m&it><D**>)7m&isbm2 s^ibs 
fgfi£^n-5fc«!). ±tzmmmizi)[HtTm^z>z\ttfti}$. 

Hr». C<&«3Ki;:#*U<«. 03 (a) . 03 

(b) . 0 5 (a) Ktf0 5 (b) IC^TJ: 5 IC. ffitt 



*Y 'J7B§&£Jf 2 8#m2iSm§!i/I 1 3 

£b<te. 03 (a) lC^-r«tol^ 2 7 rtTKI 

2 5§m^S 1 3ffiiJT-^ ; bn(PiJO^i:LTS5^$nfcm2 
COWS.® 2 blC8LT. *y 'J 7Efl&<6J12 8 tiWtfLtZ 
tl-Sdt-C. SIMc0/h$^m2O^g^2 bT'Kii*^ 

Bit&m i mmmm 1 lfflij^e.^*^ 'j7^»jit'Hc 

[0 0 7 1] *5tWC0-^ffi.W%kii lt«. ±IBm 1 © 

mmmm\zm.^t)itxmm^tii> : bcoT$>o, 

Icte, 03 (a) . 03 (b) . 05 (a) SM5 
(b) tC^-T^-SlC. SglcoK£gJI2 aJ;9t>A>K* 
•V-y^x^^^-tO/hSl.^ 1 0¥igte/§2 6$. mi 

«mi>jf <9J i i izmttzzfv&o. »=. m2^ms 
mmi 3\zt>mm\z. si«Bii2 a<fcofcA>K* 

V v :/X*;1^-(0/Jn£ 2 C0*a§#S 2 9 £ffifi-f 
d«P#. S2ifIIl 3»C*3^T. SB 
2©¥i<*12 9£l£tt5J§£(::, ±ja>L/z^v'J7K 
&&J12 8S^LT> Sttg*^8i^bTm2 
12 9£I8:tt-S£<fc. -Ttefr*., S2©¥^I2 9i 
?Stt^ 1 2 t©F B TIC, *-HJ7K&«!>JI2 SZt&rtZZ. 

[0 0 7 2] dWJ;-5l:. S14^12. #!C-e<73f§ttS 
1 2^TSt>^c^7S:/^>K^ J i"y7'X^;U=P-i^5m 
1 Qili2 a «fc 0 fc/\*>F*-V -y yx^JP^-0D/h$ 
^^■ftife^^^S*. ffitt^ 1 2 SSEtfS 1 ^il^lffliJ 

i k %2mmmmm \ stcts^-sc-tT, isg^® 

®*mte&ytm?iz&^T. 04 (a) 5.^04 <b> 
cojz^^m. -tts.t>%, a im^itcom^m^mi^-z- 
s^^trmi^ffi^iffiji 1. m2mnmmmi 31c 

ic. m 1 mmmm 1 1 , sttJi 12, 12 ^m§«^ 1 3 
comizmmzntzmTiz&^xte, ?sttii 2wT(cia 

I^n^^iilll 1 1 coa 1 SStk^'h^^ifliAS 

0. s^^Sr^tfm i^m^« 1 1 . f£2mnmm 1 3 
ic-en^'n. sits. #icmi 01^11^2 a=fco *>a i 

m&izjiomtiLmiz&z&^&tizMtazitT. m?m 
m \zm tifcstt! rojgisAt oj^g i a: 5 . 

[0 0 7 3] ^T. ^^SJWS^ ICffl^tlS&HlC-p 
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[0 0 7 4] (u— ?m^-> m&m%&) *nw<n-m 

immmm. $2iintT. ig^w-fs 
v-^n^. aiMtft-rs. jM^wicte. 02 
(a) ic^-r<t^ic. S«±ir. iiiilii i. s 

U ££lcte. Ilitlll lftlcfgl ©fttf-f FJR 
2 6. I2ifII 1 3rtlCfl2 Otttf-f FB2 9. *< 

t=b satt^n, cnsmi. i2ro^-f Hi2 

6. 2 9£t\ U Si. 2 

©7t#-f FJB£*©ra©iSttJI£T*«tt*«tfT*. 
MIC. »5fi-r*J:5l=, JSla»«fflJia*T»*7y FH 

25, i2 ssmnJi **±gfs^ 7 f® 3 o £ -c-n^-'nw 

T^S^Cf*. d©±§|5. T^77F12 5. 3 0i 

8S*7yFJB2 5. TSB^ 5*; F J§ 3 OiT, Stnt 
»«KrtK:#;2H' FJiSKttSt. eSffi®S2gg£fSM 

s-e-. Kaaoi/— tr* : ?a«»&tt*. eiti=. aj&gg 

©A*> F*-r 7^l*;W-A<G aNi««Rli;*». * 
n«t 0 %>*SH7-r Fa*> F*v 'y^rogifil^i:^^ 

[0 0 7 5] #5B9i©m 1 ©^Jfi^SgKfc^T, 0 2 
(a) fcjS'T.fc'SC, i*£8EES£LT. SSil 2 £. SI 

lagms^i i rtose i coft#-r FB2 9. «2iti 

ffl[*3©SJI2©3fc;tf-f KB 2 6 £*«. IStf <=>n7t^^ii££*r 
[0 0 7 6] COT^iSSSti. £fc?Stt»a»S©3fc*«S 

As©*^i*tt3&«**fc«ft-r*. ##-r Kitt. :©,): 

2®m§«JI©4>&<: ^-^©^-Icfttf-f HSSr^fiE-T 
SCt. -f&^*>. JBl«7)3t^-f K»«L.<ttSB2<D3t 

[0 0 7 7] *8gii©» 1 ©Jttf'f HI2 6. Sg 2 ©ft 
#-f FS2 9 £ ITU A 1 fc^trSMtfcl******!^ 
e»n. B3 (b) . 05 (a) RIXH5 (b) © 

A*>F*Sii4 1 £LT7K-rJ;c)lc. < £ fcfi^-ftF 

mm<Dmt±m 2 7 ^©#^1 1 «t 0 t>*£&A> f*+ 

*fci§ttJi 2 7 £3t#-f HI2 
6. 2 9 £©(SJfi^M£/Jv;* < LT. 2gj£Sa#ijl£T 
-5. Sfc. FJBte. 03 (b) . 05 (a) Ktf 

05 (b) IC^-Tcfc^lC. fttf-f HI 2 6. 2 9 co^gR 

04 (a) Rtf04 (b) lC7*-r«fc5K, MS 



B<fc0fc^#^B^^-1' FJB©-»£UTKtt&nT 
^TfelK c:©*§^. JB 1 3t*-f I* 

*JU=F— (b) tc^f«t 

o\z. rtscKBB. w,2<ommm. -rjwr&gttBf© 

l^g@©-ge«t 0ft#< FB©A> F** /l^i^ 
-£*£<T5c: £*<-?#*. *•&*>■&. »£b<te. 

fttf-f FB*<. Sgl©l$BB«fc0t>A>F*r •yT'X* 
us l fflf SftlStts c t, setcjf 
SL<ttIlC*i|#ii^!i^-f FJB. SKtt 
|g i ©i)il»flcJi^©JB**r**JBK©3t*-f FH IC 
*3^T. ft#< FI^MSiroBliiOfc/OK^ 

t7yi*M-<ko^<n:iT. ±iesi i ©^ 

fiW^t U7H&*B£LT©«BSffBU::»5iT* 

-s. stc a i a«Jt©/hsi»3e#-r FJi*#j«-r«c: 
£, A i **tra<b«b#*i*:c«fc««*tt3B^b**|iA 

T. iSttBtflBriir*. U— tfSimMtCB 
n;fcPSi?£?#3e:£#T#-5. d©Bf. HK$?£L< 
tt. ft#-f FB©— fiC. »*L<«^:gB©A*> H^-v-y 
:/x*;l<^-£. rt»JMtBJ:0'b*S H 
lC#£L<te. S5 l (£>p|IIB <fc 0 t>/hc? <TS d £T. 
aSKBttfeSTFt-CSS. -Tftto^, ±KB»*#K: 
ifcoTte. A 1 Z'StS&ityi^mtefrZl&ZftjJ't FS 
©-95. »$L<ta±gP©A 1 ^SttSr^gCe^BctD 
/Jn^<L. MC»*U<«»2©|S|tg«J;0 fc/h$<T 
SCtTifeS. SltfSI 
4'©3t^f-f FJBSrSW4©£I^«l'. ^2®®^@(C7t 
^-f FJBSK^S«^IC*5^T. ±Kebfc<te>»C, S2 
©^MB«k K> t>A> F^i- 2 
©¥Jg^B*^W5>C£ : foT#. C©Bt©f^ffl(C^>^T 

i e>*m&miimm-?&z. stc ^20*^1 
^±gP7t^--f FHu:K:ttsns«£c*5HT, F 

B©fflfi!i£bT^»e«HC«. ln a Al fl Ga 
!_ 0 _ e N (0^a. O<0. a+/3^1) *<ffll>^> 

C£. -r^t^^. I nfflfiEJ**<0 ©£{&«¥##£?-* 
C£T. I n^-&tfC£lCi;S^©©iR$:K#*. 7t©« 
^^fg;<«l^fe^SK£T^4. »£KliA 
l fi Ga,. e N (0^/3^1) <&ffl^4C£T. 

7i5>. if#IC±f2^S3 8 0 nmErF©$Si£Si£©7t£i§ 
ft$-t±-£.tc«, jfSKliAljGai.jN ( 0 < /3 
^1) tfm^ZriZ. Ihtt. GaNTIi. ±!5S?Sfi 

-r fs©a im^ttbfiti, jt^-r fb©a>f=* £ ^-v^' 

X^JU^-E g , SitS©»3t©3t?x*;U^-E p lC 
tk^T, 0. 0 5e V£t±**<«ciJ:5IC (E g -E 
p S0. 0 5 e V) . i||t5;tA(}f$l,l\ CtllC 
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E g -E p SO. 1 iti^tT. MKffiftfcfcftK** 

±mLfzm 1 ©BliiOfc/O y^x*^*- 

«i&S8*<^j££ft£. 
[0 0 7 8] SfcSfl 1 rotttf-f KJI2 6. *ZO)ft13<i 

E13 (a) (C^-r«k-5>IC gttH2 7£&tf|g 
H12 6. SB 2 Ofttf-f 2 9 <Z>fgJI#i£ 
4 0#tStt£ft. -£-tf>/\'> FlSi§4 1 «, fSttH«fcOt> 
A> K**-;/:/x*;P*-A<;*c£<fc£cfc?l::T-5>. A 
ttWlCte. ±!BAl 8 Ga,. s N (OS0^1) 
HSitT^O, ±IB^»S^tC*5^T(iA 1 B G a 
!_ e N (O<0^1) Zm^K $^>(cSfSU<«±iS 

> H^-v 7 7'l?M-E g ^ *TI*A*-E p i: 
tfc^T, 0. 0 5 e VHl^fl^t (E g -E p ^ 
0. 05eV, }fSL<ttE g -E^0. DtU2> 

[0 0 7 9] mi h'126, fg 2 Wfttf-r F@ 

2 9<7)KJ?<tbT«. <$i::Pi££ft-r. m#wic«. 1 

0 n m£*± 5 m^T^SSfflT* 0 , S7£ L<IJ20n 
m£(ll/im£tTC«lT*D> U <te 5 0 n 

m6l±3 0 0 nmKTi5«ltT5. cniCiO. 10 
nmHlr^HIiLTlllL, 2 0nm«±i:t5 

ci t th«« £ i£T $ -a- * m twis. a n * <s 

£M'>£1*. 3 0 0 nm6lTit5CiT«ffl 
& £ M f C ffl A £ ft £ « fa I C * £ S!> T & S . 
[0 0 8 0] *»^OJt*f-f FJf ££EIE<32fb«!l¥iB 
#T«J*LT*>&<, *<Ot&'£*>±&tfsimz, I n £ 

±KAl 8 Ga 1 _ e N (0^/3^1) SfflUSCW 
»*L<- ±E£«**»::*iHTttA 1 B G a , _ e N 
(O<0=£1) SrfflUSCi:*W$L<. CKDSHfcfc* 

te®££*e>7fc;y-f FBtC 1 itt±fflisfc*iRtT 
-5. mi <r>%1i<i FJI2 6i:. iiroi. 

JBlOHi:*a:*«aj«OJB2 0Ji. IS 2 ©Jttf-f FJi 2 
9IC. S3©Ii, SII3OT@£gfc-5iiflj£C0SSI4<D@. 

CCT. Sl~4 0ill gfb&^ig'ffca^ 
cmctO, §^-f Kl^ll«Ii^25)i 
&3ff)m£&4V>mt<DNl. (Cfc^T. Aim 



JB8r*eAft*$JBBWt£&l'T i bJSlt>. 

[0 0 8 1] 0>J*.tf . 3 1 *«£JB. ftttS. ^2it 
SJlTWgJiSft/fclBigT. Sg 1 CD^^'f FJi*<. il» 
ii^2©ii$tL. I2fflWHi!5«3©i 

SS4<Z>Jl<t:£WU S2«li:l3©li:S:Sttl 
fflKEBLT. Sgl ©Jg.hJfMOJi.h^fSttJf^il^ 

jyfcWlCte. &H£JBtta*2«)JB. I3©i©AI 
SSftfiJEtk j3 2 , 0 3£. JSttJlJ&> fciS^SI 1 <£>JI. S4ffl 
JgTOA 1 &fi£it0 1 , 0 4«fc9=b/h£<t- 3C<h. 01 
>0 2, /3 4>0 3 tTidit. KBWfc:/'^ FSJiS 

ft. *fciSttJiat;ettJi^iB* | iBiff** t *#<«c*ii 
«. a i *a^jt£^#<-r-5t^sttw^-fk-r5«rs]ic 

£>0. »-KT3titf-f KJi*»)«-r*Ci*«tlftttOIk 

±83. 01>)32, 0 4> 
j33tti2»(r. JKS2, 04<03<hLT, SttJl 
iZi&^iS-i HJS ffi2Cl. S3©1) 0/X>H**s» 
^M-^<L. J3#f^£'h£ < b. iS^tf-r 
FJI (SlOi. S4©1) £/h$<L. JBiff3s£*# 
<T-5ClifcpJ^-C*^^, b<te±f3*r U 
A. 7tW»*A^*f tUZZtfre,. /31>02. 04 
>0 3<h-T?>Cl<i:T*S„ Kli 
"t -5 * £13. ±63mi~4CDSlCf®^T. ^7t^-f KH 
£31W±TMUTfcA<, miCDg (I3 0I) i 
^2Qi (^4 0i) i«SC1*ft«JiL.fc.- -r«tt>* 
Slfflit^2«It*l^tLTlScffl«^IUT 

<fr-5^£lC«. ±i3£#5t. E g -E p ^0. 05e 

v. *ttatr-5S^icf*. ytii-i vm±w<ow-&i®.i$.\z 

•fcD»ffi-r*. WAH A 1 fll Ga !_ ei N (0< 

01^1) frt>tz%mm<i josici. a l fi2 G a 
!_ B2 N (o<0 2^i. 01=^02) frznzmm 

Lt^S. 0 m = (d jX0 l + d 2 x0 2) / (d, 
+ d 2 ) . T#^ft-5. 
[0 0 8 2] *56K03t/f-fKJiC4ilf>T. 

J;5«CfflJS«»S-fr*C4:T?. G R I Nttifi t 
»J7©ffiAS6**<l*I±r*. C<0«f. m^^^ti. 0 8 
(a) IC^TJ:olziii^e5ll5fiB££<ii^$-t±Tt>^<. 
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1 OJI/SS 2 0^^32StC«S tfefflSc«S:Wr^ 
SMf5iT»I. 0i|;U2&iaJB;&tf&2<aJB&t& 

l < ti^jp^-fsi ic is n % ±x com®.-vm.i$.m®2 -t+s # 
[oo8 3] mic. &mmv>%-n-i hjhc*v»t. 

±B2A 1 £-&tt3<b& i l £ #*M*«fc-5*§ffitt©&ft£ 

-5. JittWCIi. ^ 1 <D%H^ FH 2 6 (ziJt^T. OTSB 
JBlOJBi. i§2<7)Jl£££2t;:SlJlLT, '>a<it> 
-^2i^J:. ffSL<ttSi*2IK±iT5C 
fKttS 1 <DJI£$&2©J8£S: l*tiUT^&*f 

©Jf *<. Al B1 Gai_ fil N (0^/31^1) /A 
1 S2 Ga,. n N (0^32^1. 31*82) . 
±EfiiS[fi«IC*S^T«A 1 fll Ga !_ ei N (0< 
31^1) /Al 02 Ga i-02 N (0<fl2Sl. 
01*32) Sffll^Cif, ftco$l££Jipa.T. *£*5 
^offltt^WifiHJ: Oi£iM4©StfbfcfflA/taSi£8S;WI2 
jsjcSn*. ft#-r FJB ^jibi 
*«!fi£-r-5&Sro)K0*<ffit&^ k.1zz .fc 5 d 

^ttWlCte, 1 Onm^TitSCtT* 
0. Jf£L<«:7. 5nmKTit5Ci:t^lt5;S 

[0 0 8 4] 3=fc. ^^©Tttf-f FSIC^l^T. &m 

jficfci^T. Pi^ic H-7 p lit)S< . Xfifg l ©Jf <*: 
JB2©H£-CS&* K-^fiitS*. -3SNCF— 
T. ft!i;S£7>F-7<hL>t£PF-:/<!:LT*>&^. 
W*.tf±KiB 1 ©Jttf-f FJIIC*5^TSB 1 Ol.!:S2ffl 



:nit mzw,\<om/w,2<omtfi> ai s1 

Ga,. sl N (0^31^1) /A 1 B2 G a 
i_ e2 N <0<32£l. 3K32) ©fit&^#-S 
H$itT<&-5liS 1 ©ft#-f FHfciiHT. AiaSltO 
/h$t^2<7>^lC^M!ah*--7'LT. S1C0I5:7>K 
-yitSIiT. A 1 fflfi£Jt<9/h;*^Sfl2<0JgteSg 1 

o>JI«kD*B-iH4a<&<. 

[0 0 8 5] HtC. *je^OJtif-f HJl©3Ftt*H — 
ICO^T. 08 (b) ~EI8 (d) Id. F — -7&&it4 
2iLTST±il:. SI, 2©M-fK12 6, 29 
ICiS^T. F igttJBlCiS^OCft^T 

F — :/S£'h£ <T-2>. ilOt fSttSA^S^M^ 

•5. cntcJbDAT. «SES§«±KEbfc«k^ »C JBlOJtt 
^T-f H12 6im2ropt^'f FJI2 9<fcTJ£ttJI2 7 5: 
JfctM?|j££'>*£< ifcfLt^O. Sf.i:*o^ FJ1 
0*H§L<ttSS8*. FS«fc OSiff^'hS^ 
±gf5 • Tffl5i7 KI2 5 , 3 OtTfttf^iaTfcdt 

SttJf 2 7RtflSttHifi«i:*<0^»*t5fc». 

tt. -eronffl (SttJB*»siin*:««) tcia?ss^F»6ft 

•5. A^MICfi. S 1 cD##-f F^2 6. W,2<r>ft.1l'( 
i£<i:&-5. )t>!f-f FJlW^FttttiiflEtl/Ttt, #tCPS^ 

i o 1 7/c m3jii,T ita^tfsa. :;t, ±ie 

Wfo F — ^2(75^^-1' FJIlC^ilimSIW^ist^F 
[0 0 8 6] Jt^-f FJfrtTF-^SSrSMb^-ti-fcJgag 
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/hS<-ra*» (42a) . ^a«-c»»wcH-^a 

£/h£<-r-2>®<& (4 2 b) . *fc-*©ftRtt&F-:/ 

<b*»»^*»SB (4 2c) . onfnwt)fi<, 

-f FHF»3lC*3^T. mi±miB>\fr*>V>m%ttf. 5 0nm£A 
TOtB«ft7>F-7 r t?ZZ\£ 
-Cft<Dm<k&f$.WmtUO, ff$KIJl OOnmR 

j&<pjfig£fc*>. C©#. 3t#-f FBOKiStt. 7 > F— 
((Sigfi^FiHE^®^) S5 0nmKT»iii1- 
5 OnmEdrolStt. lOOnmKIT 
ODSB^Et-T I OOnm«±©Iiit*C 
tBV>5STt)ftl>. CC^. ±BBT>F — 

jSMSiSWfttf'f F»£*a*£'*>-a - TflJt>*Ci:T*D. 
cn«l2I8 (a) iC^TctolC. /t>H^t7^I^ 

jfi^lClft^^nTfc. + 'J 7©i£A5s>)^W{g;T£#P*. 

tz.%n^ FfBtfimtfLZtizizib-c&z* com. m.i&m 

»©##-r KHtt. ±SEUfc«fe5 CGR I N«it*«»S 

#-f FJf rttCfcl^T. fi£SPf(C^F*>6<feF-7'L.^<T 

7>F-:7Tfifc*;£-&fc-tE««K:#«'>T'b. ^F«*b*« 
F — ySftfcfcWtTSc*. pS^FjsE^it 

^O^t<- lUM^J 1 X-m-rJ:o\Z. 7>K-7Tpil 

•y F@*^rot£StlcJ:0. pI^tt«* 5 H-7Sn5. 
CWiolC. tefttCct OTffife F-^ES^n-Sli^lC 

iI^«S^«tD ; b'h3<T-5Ci-C*-5. £©«fc-p&F- 
Zfmmts 'pfi.< h*>--K<n>%15< FJUcKttSdi** 
»*L<. 3ECff*L<ttP55Er«331£*-f KMICKKtftC 

(b) -1218 (d) +©6 1, 6 2tt, &7t#-f FSIC 

CO 0 8 7) Sfc, ±E3t*f-f FJHC*J»**JMII«. 'F 

m^^-^omm. &<£. si w-th 

1. g^WJttf'f FBtTIBItaSftfcCDchLTfclK, S 

\t®<7>mmf&.&mt±z,&o\z\stzWMts.iztfi& : b. 



[0 0 8 8] (^77H1) *^-S»H^^ 

LtfcfiK ^tefticct. 02 (a) (r^-r«te»tc S 

ffi±lC. fg 1 1 1 . fttt Jl 1 2 . IB 2 iSft^Ji 

1 3£#ajisnfc*iifi**u $etc«. «i«ts 

JBl lrtlCT»^5y FJH2 5. MI2^mS^l 3rtK 

±gB^ 77H13 0, tfl'Ptt< tfciait^ti, cn?>± 

SB. Tgf^7-yF12 5. 3 0 tT, SttJl£J**&tJ 
*SiI£WLTV>£. ±ffl^7 y FH2 5, TSRi7 7-yF 

[0 0 8 9] ±», Tfi»5yHll2 5, 3 0 ©ttfifc 
tt. 03 (b) . 05 (a) RZ/05 (b) ©/X> F« 
it 4 lCSTJ^IC. ffiteJl (#F«) cfcOfcA*>F* 

St±EU-1f*?. »ffi»3t*^C*v»TJISl. 2© 
^KI2 6, 2 9 ^T&H^tCte. FJf<fc 
|a]l£:gL<:te^ft«fc9*£< LT. Htff^SrTt^-f FJf 

'J7Hi&«>. 7 , 6Kii«)tLT<S^$-&^t>cO-C*0. ft 
2f-f FJl£WT*^€rlCteftg8&#B<bLT«6g£-y- 
•5. FSlCffl^^nS^b^^^ibTti. A 

1 **&afc*¥SM*:*«»SU<fl!t»&n. In a Al 
b G ai _ a _ b N (O^a. 0<b. a + b^l) T 

&2r\zmity}¥m&&m^t>tiz. »sl<«. in 

&fi£Jta#0©g{fc<fe¥^#£ffl^-5-i:T. I n 
U<teA 1 b G a i_ b N (0<b^l) taStl^ 

BW*J6*Klt*Ctt. Al b Gaj_ b N (0<b^ 

1) MiKfflt^n, Tt^-f f@05a 1 mis. 

Sflf£) Jte^WF^T. 'PU< lib B^bcom&zmif? 

Sf$L<fib- 0^0. 0 5 P IC f 

fe*. K^t)#ltLTM'fb^)¥®tt:©ffiB£*^S-r ; 5. 
*^a^©*S6^IT'«. 0 2 (b) (c^-TJcolc. 5 
•y F1WA 1 jgStfc (¥i%SfiS3c) £ SS 1 ©S$gS«fc 0 

#•< FJi&afflTRtt. tH5frr>. mi&-Q >7 7 »j F®* 
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ifi. fSttl, 4#lcS 1 co^g^ci: 0 &i£<^3fc#< FHK: 

A*> F** y yx^^^-O/jN^^Tt^-r F@#^f£2 
nT^£££>, ^77 Fil<7)A 1 ig.fli±£S;*:PK<£<}*P 

[0 0 9 0] *5£W<Dl77y FJite, tttttf'f F/i£ 

A 1 GaN&£OA 1 £^tr^fc$>¥*lltete* JSS 
& £-£^_h<7)ffilJPTJ&fi £ it* <h ^ ^ y ? 

Atf, AlMitblco^l^Ii, Ali&f&itb2 
(bl*b2) ^^2<7)g^^ia®Lrc^ig^^^mT 
t>&<> ^<7)PtAiaStk^bl<b2 (O^bl, b 
2^1) iilfcMit^xl:. A 1 M;£ltc7);*:#&fg 1 

a i ®.tfLtt<Dfr2^m2<Dm-?. micomzi&f&rzz. 

KDM, £12 09Jl£ffiJf U ^2iZ)I<h«Wj:^S 

wvzzrzifr. ftm&sbiz&^Tmmttezf&^z'&z 
[0092] ^mmmmw^v fjhc^t> 
?v FJf £fi2/£t~*c:<>:#T£»£ ::t-, e*s 

$>0, £L< teZTlZ&^TM&Tm&ZeZrtZ^t 



b&i<Dmts m2<Dmt*tt\zm&mmistzK>. '> 
u< £hmi<Dmtm2<Dm££G'fz>tt&> 

t\*s &&&zf&m<Dm&%tt\z£o*<Dmm\t&u 

£L<te7. 5nm&>T£TZZ£T'1£gh&Z&tff\Z& 
MK:#£L<te5 nmKTtn^ 

[0 0 9 3] ^yFJUCte, tfc^S^cO^ 

^mi<om. $&2<Dmzft?z>g>mm-e* m^\zv-^ 

Ltt)^<, X^l^I^S2^)ii:T'S/^F-y 
g£T£^ —?5\Z F-yit, A!l3r£7> F-^L 

fc^F-^Ltt)^^. 0y*tf> mum\<om/^ 

2<DM&. Al bl Ga!. bl N (O^blSl) / 
Al b2 Ga 1 . b2 N (0<b2^bl, bl<b 
2) <0jB»^*B««itTfc A 1 fflfltltO/h 

*ViJB2 0JB^«4*H-ybT, J8l©«*7>F- 

rims. 

[0 0 9 4] FJH<0RfftUTtt4#ICia^S*ltt 
1 0 nmW 2 umUT. 5 0nmW±UmW 
TcO^fflT^jS^r^- Cinte, lOnmKitt^:.!: 

Idffl^^Ct^T*- 1 um£AT£-r2>Z.£'V, 
[0 0 9 5] ±8^7yH«, Tffl^7yFi 

L<ffi^e>*u c^^ttccto, ^ft^^P^ 

5yH*tOBBT> i*C4:««r# 
I nt^tat^W^ICJt^T, 

^r^C#<^b^it j 5 : b^^^:'5o COtt, ^5yFJI 
^ffl^SSE<t4*¥W*iUTIl*W«ctt, A 1 b G a,. 5 
N (0<b<l) tfffSKfflt^ns. 

[0 0 9 6] U7Biift*<p««^Ha*Ji 
» *^BJIC^^T, @3 (b) , B5 (a) R^'HI 5 

(b) <0A>F«iS4 llC^T^^IC, gttS2 7rt 

as, mL<\zmitmmm\z**v7m&it>m2 8«k^ 

*«ifi£<Offl£it(C*t>T#£L^. 02 (a) . El 3 
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(a) , 05 (a) Rtf05 (b) l^f J: 5 CI, V- 
^K12 6, 2 9 t»ttJB2 7 tOWJ. X«. ffittJB 

03 (a) . 05 (a) &tf05 (b) ICtST <fc O tc. 

$&2mnmmm\z&m2titz*\ <)Tm&i&m2 8 bic 

SUlfliJ©*-*- U7fflii*Ji2 8 alC«fcO. ^2itSI 
*>6C*t U 7&®&lt>2>. :©+t'J7*Rii61 

(C^-r«fcplC. ^lilll^nl. m2 8JSS!ES:p 

pSJifidlcK^-SCltT, iRffl^jrou— tfSTf. f?ftift 
pSJHftJK** 'J7*Bfl&*Ji*. P<H'J«^Bi&«e>)i<>: 

«. «^*»*-;ncjf<T. *V 'J7t£«S!fitf<:B<. a 

[0 0 9 7] CCDpWJB^IBji^HtUTfa. Al^ 

Ga,. c N (0<c<l) £ffl<A-2>. C1WB§. A 1 3fl 
^ttctLTli, *-v U7Biiii6Jf £ LT«tg-T5«to 
ic. J£ttJf «fc D-h#lc*€rft/\*> y 7x*A*- 

0. 1 ^ c < 1 <Difcm£-t Z>Z\£.XfcZ). W£ b< «4 
0. 2^s<0. 5<D$&ffl£-fZ>Z\£T*ih2>. Uiftt 
c*<0. 16tTT»*tU— IfS^Cfe^T. 

Tia^HiidbHiUTaffi-tt-r. o. 2u±x'$>^t+ 

ttlcS^fflji* 'J7©gBj&$!>) *<&£ft. *+'J 
7©:*-A'-7D-£jfl)A. MTO. 5&lTT*5t 

Icjf £L<ttc 50. 3 5 tlTttSC £X 

14. ^ftJ; 0 H^-v y7l*JV*-C*t 

•J7*fflji«6®tr2)C:t*<»* L<. ±E^7 7HI 
^WT&Ji^tCte. £yy FJB£H£ni;a>-tftJ:«3fc 



K** y ^X***-0*t 'J 7£Hj£«e>H 
•hTSdififc-S). cntt+r 'J7<7)BBji«e>C»i^<7)K 

C <£>pffiij®^gfl&s!>/l(4, #8 
*oift«*»#*?i:ffl^« - fc**T£. »c u— • tf 

3g-?©«fc-5lC. *«i5ST&SJ!>£-t*\ *I©+t'J7S:}l 
iHrtCSAtSS^ClS^T. p(Hijm^lfi&*Jf £W 

[0 0 9 8] #589!©3r + U7fflji«e>ewK/?<!:LT 
tt, '>ft<it»l 0 0 nmKTtnciTfeO. Jff* 

^tJg-fb^#ig#:»4. ASoaE-ffctt^SH*: (A 1 

to tetter, /W£ttiftfts*e<. sgtcpfiijm^gaji 

«k 1 0 0 nm£ig*.T3i : fF*ll::l§:tt'&<!:. S&Tiiiffi 

tJft-5fc««>-C*D. 4 0nmPiTT*5i:Vfffl±#^ 
iS<ffl]^-5Clt^oJ^T. Il;*fiL<«2 0nm«T 

[0 0 9 9] *fc. *5t«oa««*l#*fi:t^ 

•V 'J7*fflii«>lC+»?a:A>H*7-fe y h*«#ffi"Tn 
tf. ^•^'J7 5IS>2 : ii6®5:. J5y HJitttWCRtt* 

t?7-> HltoBC. »SL.<«fi14Sifi^lc^-v 'J 
72rKiiiii)®5:!S:t-t ; 5C:<i:Al'^ cnil SttS^SBI 
nfcffiUlc** U 7*BBa*»*K»ta4:±E*+ 'J 7 

*. A#6tl»C(4, f§tt®t pffijm^Kii*^ (+f 'J7 
K^«6®) tcDSgg8(4, 1 0 0 nmaTit4CtT+ 
* iJ7©Mii*<i:LTa«gb. MIC$?$L< 14 5 0 0 A 

12. Sfc»* U< ««tt®lcSLTiE@r^>C fcT, A 
t)3a*«k<^-v U 7*<ettJHrtCHUii»^n4. CO 

14. SttS^lgBORg®. #tcm 1 ©dfiJBCJttTA 
> K^-v y 7'x^;u^-57<:#<-r-5 : bc7)-C t feO, ff$ 
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[0 10 0] #fg^cap<M®^H&£>Ji (*^U7ffliZ< 
#JI) \Z\$. 7>h-^ott), p^fc6$5 (£g 

-r/w-L e DK£(D*miMT~mm£'&2>WiS\zte* * 

x l 0 i6/cm3H±H-yt5Ci:T» jf?£L<te 
1 x 1 0 is/cmS^iF-yt^uiTfeD, mfSB 
*tt«t«»0*^JC*oTtt* Ixi0i8/cm3« 
±, »*K»41 X 1 0 i Vcm3^±h'-yf^)C 

1 x 1 0 2i/cm3^Ti:n:^:t$>^. fil, p 

[0 10 1] *R9!Ttt, ffittJinei$, WrKpfflJBflU:: 
P a^tt«l3&« K — :/Sttfc p«** U7BB5& 
«I*ffl^*:tT» EPftlB§H~* B3 (b) Rt/H5 

(b) K«TJ:3K. JStt«Jfi#lziB«Snfc*ir'J7 
HiiiftlW-ifiT, p-n»ft«3&«»J**n. plifl» 

[0102] 
[*SE0J] 

[0 10 3] [ftflfiffll] BIT, ^SS^JiibT, H 1 K 

[0104] (Sfi 101) Sffi(hLT> S&SffilC/S 
SStffcfiffcft^MM*, **JS«TttG aN«:/»K (1 
0 0 um) "edtftSttfcSL *M«SI»SLT. 8 0 
MmOG a N**6tt*SE<k**W#***fflt^. S« 

PEE«»Bftl:tyH. MS5 0 0tl:LT, h 
»J*^;U#'J£A (TMG) . 7> : £X7 (NH 3 ) * 
GaNJ:0S§A777lS:2 0 0A^IIPTa 
*a-B\ -t^ft, SIt£±tfT, 7>H-^GaN« 
1. 5/im©RJ?Tfilcfi3tT, T*i!})f<hT3o 



(SW) *>SJg{L«>¥3M*. #Hlffi#JT-«;G 
aN£iiiK/£fi£i*T, «*Ifi]OriE**#ofc*S CE 
LOG) i:iD*«snfcSft**»#It, 

bi-cj«*2*-c\ jmmmk. nvvrm, t«»*i»4 

7X^Xh7<^l S i 0 2 d>&tt9* T7,{7m0. 
I urn. vX^IBi»2 0 um, HHPgfl (5S8B) B8Atm 

G a N (1 - 10 0) ^frchTSo 
[0 10 5] (A777B102) ±8BG aNiWi 

M^IOBOICCIT, TMG (MJ^^tfU 
> TMA (hU^f^^-'JA) , 7>^x 
7^fflK Al 0i05 Ga 0) 95 NcfclP4§A77 
7ll 0 244/im^ST^g^^^). CKDStt, A 
1 GaNOnS3>^^ hl^:, G a Nrt> £>fc£>Sft:tt 
¥«#S«<fc0>raT. Ay77i(i:lTfflin, * 

[0 10 6] (nfflijn>^^ 1 0 3) Wzmbtltz 
Ay77B10 2±l:TMG, TMA, 7>^EX7, ^ 
a«SXtLTy7>^41K 1 0 5 0ttSi H 
-^LifcA 1 0> 05 Ga 0> 95 N<fc0fc*n^=i> 

[0 10 7] (#7yt7m±m 10 4) TMG, 
TMI (MJ^fM>y^A) , 7>^r — 7. ^FM% 
«AtLTy7>«A*fflK M^SOOtlClTS 

1 F-TXfcl n 0 . 06 Ga 0< 94 NJ:!3ftS^7 
7^MI 104^0. 15 /xmCO^JPTJ^g^it^o 

[0 10 8] (n«j75y HH 1 0 5 : T«>7y HH 

2 5) M4 1 0 5 0t:i::LT, mnX*\ZTM 
A. TMGRt/7> : &-7, TOW7tUy7>^ 
XSffllV Si*5xi0i8/cm3H-^bfcAI 

0. 05 Ga o. 9 5 N <£ DttSAJBft 2 5A©R»T? 

1 0. i Ga o. 9 NJ:Dtt*B**2 5 AoUffTJ* 

s^tir^o tut, ^^sifps-tn-eni 0 o@«oii 

LTAiiBlOSIiL, ^JfBI (ttft^ttifi) <fc0tt 

5 x/m^n^^^u/ Hll 0 6£/&S2-tt 
5. 7> H — ^A 1 GaN^A 1 SSifc^LT 

«, 0. 0 5J^±0. 3£4TO«HT*nfri, 

COPS. nl>5y HSOA 1 <D¥*5«BJtB: 0 . 
75T^0, 02 (b) IC*T«fc:5lC, n«*5vFJi 

2 5 oa 1 satttt, m 1 commm 2 a <t 0 < . 

^2(7)^g® 2 b 7t^< H12 6 £0 t> 

tt, m 1 O^g^ 2 a J: 0 fe/h^ < , % 2 <7)BII 2 b 
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FB2 5. * 1 a>»SB 2 a FB «k 0 

[0 10 9] (nffljtt#*f HI106 : Tg&Tttf-f FB 

2 6) &\z. mmoum-v* jrw^ictma, tmg 

Rtf7>^E— 7£JBl^ 7>H-^7>H-y©Al 
o. 05 G a o. fl5 NJ:Da4nB*^ HB106 
SO. 1 5Mm«)||ItrtftS#5. nSPF«tt 

**U7ffli£ftB. pffl^-fHSU 03 (a) 1:1*5 
tr»T. ^-n^-'n, T»Jtt<f< FJB 2 
6, ?SttJI2 7, ^t'J7ffljA«612 8, t&fttf^ F 
B (UI2 ?)¥^teJi) 2 9IC**JfcLTt>2>. 

[0 110] (JSttJH 1 0 7 (2 7, 1 2)) JfclC, R 
«<Z>fflftT, Jg^tfXKTMA, TMG&tf7>^EX7 
^tt«^tLT">7>i/X*ffl^ SiS5 
X 1 0 i 8/cm3 K — 7LTzA 1 0 15 Ga 
o. BS N«k9&:*l*M (^1^112 a) SI 0 
OAORST, TMARtfv'5>;tfXSlt£K 7> F- 
yOGaNiOaa^FBl a (W) S 1 0 0 A <£>J8£JP 
T, *&G9BfgJI (fg2(£>l»gJi2 b) ill, 7>F 

-7<DA 1 o. 05 Ga 0. 95 N ^! 5 OA^If 

t, <b) / cw) / (b) (DimzmmLTs 
#wm&<Dfe&mt?2>. attBi o 7 a, »gs 
(b) . #fb (w) s, (b) / (w) / (b> <om 
mtezt&omLM&zLT, *fia^#F«it (mqw) 

WSutfcTtS. ^CDP5. #FB laH SI Of* 
I12actOt)n £!?tttt&ft#f'h£ < . JS 2 OBSSB 
2 bttKl ^KSfl2 a*0 t>nffl^Ftt*»flE#/h5 
<, /OH=Pt7^X*M- A 1 «»ttt>/ha<, 

[oiii] (vmm^-m&®m io8:+t U7»a 

#>Jf2 8) ^IC, RiaoaffiT, JRWtfxlCTMA, T 
MGR^7> ; E-7S:fflK ^FJ5£#J^X <hlTCp 2 M 
g (y^D^>^yXr;K^y^iM SrfflH. Mg 
^lxioi Vcm3 F-ytfcA 1 o. 3 G a 
0 . 7 N«fcO&:*>pS!»?BBi&B 108$:100A^)I 

[0 112] (pfciJfttf-f FI109: ±»3t#< FB 
2 9) iSSS 1 0 5 OriCbT, mmiX\ZTM 

A. TMGR^7> ; EZ7S:ffl^, 7>K-^A1 
o. os Ga o. 95 N.fcOft*p«3fc;«K FBI 0 9 
SO. 15/imOSUT«fiS«, ^OpSft^F 

bio9«, 7>K-yiUTttftsiis^ psstt^ 

ffl&£>/110 8. pfii?7y FB 1 1 0«©B»i*6 
c^MgcOfe^lCctO. Mgil*«5xi0i6/cm3 



[0 113] (pffljr?? FB 1 1 0 : ±»*5* FB 
3 0) «HT. TMASlttf), Cp 2 MgSffl^T, 1 
0 5 OTCTMg F-7A 1 0 . 05 Ga 0 . 95 N<fcO 
ft*iS2 5A^R»T'flcfiSt, 8fc^T\ Cp 2 Mg 
Slttf). 7>H-7 r Al 0i i G a 0> 9 N«fcO&*B 
S2 5AoRJlTfiEftS*, ^nSl 0 Olel^OjgbT 
tURIPO. 5/im©a»fHiD«pfi*7yHIBl 
10^t§, pB?5y FBte'>fc< 
A 1 &$tf3fl:«l¥i»#B*:«&3K S^fc/X^F^Irv 

T'^sifcfiD. *iM&tti»rn*»— f- 

j^&lcHUcfcSKF — :/LTfc&t>. P 
«5v FB 1 1 Oftjatt^jSt-r^Ci^ctoT* 
J5y FifftcOA 1 SaJt«r±if*Ct^"C€rSO 

> 5 y K ■ i (tEClfff^S < ft 0 , ^f^CA'> 
H*tyyx***-* J **<4*^ B8<fiSffi~F£ 

tc^o, >5y FBe*iw5E*-r*tr * hswhim^cl 

0. 7 5T*0, B2 (b) (C^T <fc 5 Id. pKJ?y 
FB 3 0<DA lMJttt. Sl^II2 aJ:0t>/hS 
<* m2CD^g^2 bJ:0t)^^<, Jtif-f Hi2 9<t 

*RI«IC, piM£?? FJf 3 0O^>F*iry7 r x*;l/ 
tt, Sl^iI2aJ:0 : b/h$<, Sg2CD|5tgB 
2 b <fc9t>;*f?< . 3tt*f^f FS2 9.1:0 
ft*. pffl^tt«!«*OJtttlc45UT, *tU7 

BHi&a£>B2 8^. pfi"]*^ y FB 3 0 <fc D < . P 

W&yy FB 3 Jttf-r FB2 9cfct) SS 
2^I12b, Jt^-f FB2 9 Kite** 'J7ffl£#Jf 
2 8*60T**tl»:J:!)MaETK-ysnft, * 
L< tt7> F-:/OMj«£te*. 

[0 114] (p«3>*>Hlll) io 
5 OtT, pg^77FIl 1 0<7)±JC, MgS 1 X 1 

0 2 0/cm3H-^lfcpaGaNJ;0ft5pa3> 
^^FIl 1 50AoKftSfi$t^, P^n 
>^^hil 1 1 tepgJO I n x A 1 yGa x _ X -y 

N (0^X, 0^Y, X + Y^l) TIMET* 

ff^K^Mg^F-yifeGaNttnH P« 
il 2 0t*t)»*U^*-$7^«»^»S^. =1 
FB 1 1 1 te«ffiS7£fi£T*BTfc*CDT* ix 

1 0 i 7/cm3EU:<DSi** »J7»SiT*c:£*<a 
ilK 1 x l 0 i 7/cm3 < fc9 ; M£^£m@<!:#£ 

Lt**— s y z £mz<vm&L<tez>m&\\z$>z>. $ 

IC=3>*£ FKOSS^G a Ntnt, «ffi»*ft» 
*S»rt*C4$^T. ^X/NS^^^ffl^^. 7 0 0tT 
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£o\Z, ftJB*«JBSnfc»T*iBtt. B32 (a) tc^ 
"rfg®<*^^0. £fcEI2 (b) 1 sa 

2 a£Ot>A I jSiitt<B/jNS<, #F« UiOfcAl 

2 6, p«5yH«#, SteJl. fttf-f K126. 2 
9£&A,TI£tt£n, Sfcnl)t^Hi2 6, pfi'Jft 
FB 2 9 OA 1 ffiiiltfc. » 1 Ol^ii 2aiD!) 
A 1 SStbcfc 0 < » 1 a<tOt)A 1 gUtfcck 

?5yHI2 5, 3 Otf)A 1 fi»JtttJfc;*K KB 2 6, 
29i:^^t<, M< H12 6, 2 90AliSHH: 
tt. ^ 2 2 b cfc D fe/h^f ^ 

[0 115] JK±^«k5lwUT*ft*¥»#*fiEftS-& 

li^pij fb^sbics i o 2 ct oa^fti! 

KMIT, RIE <E«tt*f3j->X:y9 1 >20 

i C 1 4 jl7s\Z£ OX-y^U Ell \Z7ik-?£v 
\Z. ntS^Mt^tnI^>^^ hi 1 0 3^SI 
£®tH£-e£o £<&<fc?lc£{fctt¥W#*«<Xu/? L > 
yt«i:tt««itLTS i0 2 #Mt*5. 

S3>^^hi <±g&=3>^FB) p 

VDg«K:.fc <K S i mtm (ii:lT, S i 0 2 ) <fc 
0asSlOfi8Bl6lS0. 5 umG>BlffT«fi!cL 
SIKDSSKi 6 i <D±\zffim<D]&W;0-?x?* 

rie (g«tt<t>x7^>^) mw\z±D. 

h7<y«l. 6Mm^l^S116 1(!:t^. d 

plD>^^h!l 1 1 , *5<fctf pS*5y F110 
9. pSM< Hi 1 1 0O-^X 7 f >^IT, p 
S!3fc2K F® 1 0 9<7)«J?a<0. 1 /zmift^lT 

[0 117] iJy«KM^»tf», SS1©« 

«Kl6 10±^e>, ZrM (£<hLTZr0 2 ) 
«fc0ft*JS2<O«II«l 62^, SlOffiSH 6 1© 

xy^>?\z±nmtt2ntzvmytX'( fsio 

[0118] S2 1 6 2 «>X/\* 6 0 

\Zs 3 0 0tK±, L<»44 0 01C6l±, ^{fc«¥ 
W#<B#»JB8£*T (12 0 or) T^JiT^CilC 

K) fC«LT^i»HC< <U2>tzisbs CCDX*i£jJD;L£ 



[0 119] ^IC, ^XA€r7yK(CilSL, # 1 <B« 
SiRl 6 1 SU7 h^7^lc<t O^STS. CttZlttc 
cfcO. pS^>^^7 Ml 1 l^iCISltbnT^fc* 

l^iiei^^nt, P i!3>^jhB*i 

Ui^n^o \ZX±.<D£.o\zl,T. EI 1 IC^TJ: 5 \Z. *)y 
# < FB 1 0 9 <D«ffiffi) icm 2 OffiSSBt 1 6 2 

[0 12 0] dOct-^lC, plD>^^hil 12^)± 
l:RW6ftft{B10«Wll 6 1 !&£2nfc&, El 

1 ^8ffilfcpS3>^^ MB 1 1 1 

<7)3Effil::N i/Au<t04*ptSl 2 O^r^fig-T^o 
filpfg 1 2 01* 1 0 0 /imCOX h7< y«H<hUT, 
g] 1 \Z^-?£?\Z. »2«)««K1 6 2 0±l:«oT« 
/&T£o S2<0«HI16 2»flc», RK:«tti£*fcn 
3S^>^^hilO 3<&«ffiiCttT i / A 1 XQtSiZX 

[0 12 1] nfg^Mt^^^fCX^^^^ 

Sfc»STS<0«tti::v*i7U S i 0 2 £Z r 0 2 c£9 
^^KiMIKl 6 4&mtt1t'&* p, n««±lwN 
i-Ti-Au (1000A-1000A-8000 
A) Wyh) t« 1 2 2, 1 2 3?: 

^ft-^nKW-fc. C<0P*. SftH 1 0 7 <7)«tt, 2 0 0 
amcoiH (#«»#m£*i»&2fr6]<0«> 
gg® (£&f®ffl'J) «C*>S i 0 2 <hZ r 0 2 «t 03iSBI« 

[ 0 1 2 2] &±<D£.o\ZLT, ntliplld:^^ 

¥m&<DMm (GaNWMl, (1 1- 0 0) £ 

TU-lfif^tH. £<&«K ftHSgfite* 6 0 0 /im 

[0 12 3] SiBl3*5t^Tb#^^ffl<l«£ I lh ^6 1m 
A, m»fi«SJ lh ^3. 8kA/cm2, ?g$g& ft 3 
6 9 n mODlJSSS^ U-f «f W# ^>n> iflT©l 

tt»iiftftTtc*5W'6*^o«is*Att»4 o o omm 
[0124] Lnmw2] mmm 1 k^ut, ^ttB£ 

[0 12 5] 1 0 7 (2 7, 1 2) ) S!H- 

^A 1 o. i 5 Ga 0 , 85 N, ffi/Pl 5 0A*^tt* 
mi O^^^ 2 a, 7> F-^G aN, KJP 1 0 0 A* 
6tt*#F« lb, 7>H-^AI u Ga 1 . u N, R 
jpd (A) ^6£**2^)I»BH2 bSJBlz««Lfc# 

[0 1 2 6] Sg2tf)RgJfOA 1 SAftu €: 0 . 05 
(SSSC^Jl tBtA lIAtt) . 0. K 0. 1 5 (tt 
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*fr*Hffl««, »2 0*BBO»PBfl:IC*rr**^ 
$:^n-?ngI9, 1 0 KtkT. @9i:fstS2<0 

lgitku = 0. 0 5(7)P§^:^77a, u = 0. 
l^)PtO«^77b, u = 0. 15 (it&W O^f 
©2ftS* r 7 7ctLT»t. SfcB 1 0i:*T*2O 

HOA 1 fifitfcu = 0. 0 5<BRf£:^77d. u = 0. 
1 OPSO^ft: £4/^:7 e, u = 0 . 15 (tb«W ©Kf 
t&SflS*^? f £LTtST. CCOP#, IKJPdte, d = 
5 OA, 10 OA, 15 0AT«ft3«, ft»tttlf 

[0127] a 9 icm^n* £ o\Z. ^2^SiOA 
ifiSJtu«:o. 05 (SiJE^j 1 tno tbtzm^ 

IC, Xftffll tffilCfllJH 5 0A©«i:. BIJ¥£5 0 
A, iOOAt»Kti:Tfe«lt«»I th i:»J:A;£ 

-r«fc3fc, S2<0»SH^A liEflfcfcuSrO. 05 (* 

msm i tmo t ufc»^jc, h«e#j i tmuBB 1 5 
amM»***#<*Mbu ssiotitsgHi; 

KiP 1 0 0 Aco^^tc, tt¥#<0*^**£&0. *1 
<3Kg®ck9M/PO/h£^KJP5 0 Aco«^IC, 

tC^-Tcfcplcm2 0KgSOA 1 jSftJtu*^ 

SR^F-ffAtt* 1 ^Uli £ HSWI UJ&/¥^ L < tt*n J: 
Dfc/hS^B^Ktt^T* Sgl<7)i5SgJIcfcOt>Sg2ca|S| 

[0 12 8] S2^iiOA 1 SBltu^O. 

.tile, HffittSKI , h a<±#r *«fi*<«Sft, - 
*^#ftlw^^^Ttt* Ell 0<7)^:7e£LT^-r 

0. A 1 Blllfc**;fc#<ttoifc::iT, *7tvh#* 
*<tt9. »20*»#«t^7tyh4<** 

n (pfljjt^J-r HJi) ct ot>**ftA i satt<os{b% 

^W#-C«fi2Sn. *2©»BB2 b**»2 0)HMW*B 

133 (b) (C^-Tcfc o \Z. u = 0 . O5OS2 0@IS 
fc»2©¥W#B£«#mii;A 1 BAJt. /t>F*t-; 



**OBft«**#*6J««»2©l»BB* f »**tl* 

Jtu*i, 0. it«<44:tT» 8attifti:i* 

n^>o Wlc, MJPfts** Hlfl«B* l ±* 
LT^*ut*6» JSfflttaJBfbK:J;*««a<*#<te 

2 0»g/SlCte, U7EBii«)B^e>#FB*«Tfc 

u = 0. ITU *2O»BB^ct«»«tt«ft^J:0 
*^-tf-iLT©««fc»fbLfcfc^£**&*U * 
fc. JB2 0P»BBOA lBllJt*«*<r<3a:-3&ci:T. 

[0129] ttmmtVT* w,2<nmmm<D& 1 

BAJt#* » l ©»BB4:«£Wll^ 0. 15T$« 
^fz te, 09©i/77c tLTSBBBWSE-ft*^* 1 - 

rti**«S*L :nn BBttBft:*:. *7t^#« 

<ttofc^t3&«ffi*W^fPfflbT» u = 0. 
-StifcRLT* j&»tt±fM«|pIt3S:oTanfct)©i!:% 
A^n^o *fc, 01 0(^)^77f tLT*f*^^b 
^^tct^l:, u = 0. 1 Tfc^ig^lCit-CT, JI |- B 

[0130] mmm3] mmmi k*5^t* 

[0 13 1] (SttBl 0 7 (2 7, 1 2) ) SIH- 
^A 1 o j 5 Ga 0i 85 N, BI/P2 OOA^ftft* 
S10H1I2 a, 7>F-^A 1 o. 04 1 n 
o. 02G a o. 94 N, KiS 1 0 0 A^5ftS#Pi 
1 b, 7>K-7 r A 1 0. os Ga o. 8 5 N * Kill 
5 0A*6W82O»il2 b Lfc#-« 

[0 13 2] »&n*u-if *fiS#J 1 KttHKL 
T, #F^lr47CgaAl InGaNSffl^ 36*1 
»4ttaKBi;3 7 0 nmT^jaiCTa^^Hb, Al 

LTt^t%^e>n, HfflBSEttS OmAiHSEOT 1 <*: 
0 fcffi^U-- tf«^»6n-6Bl6)»w**. B^*AK: 
tH>Ttt. *B«1 i«KWI»Ot)©*«»6ft*Brt»c 

[0 13 3] [fHiS0j4] ^je^j 1 ic^^t, m&mz 

[0 13 4] (SttB 107 (27, 12)) Si K — 
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1 0< 15 I n 0 . oi Ga o. Hi? 2 0 

OAa>6ft*Sl<0»BJB2 a, 7>H-^A1 
o. 04 1 "o. o 2 Ga 0 . 94 N> IS1 0 0A* 
6ttft#FJB 1 b, 7> K-^A 1 o. 0 5 1 n 
o. oi G a o. 85 N > K ® 1 5 0A*6»5*2© 
l^g/l 2 bSJiKfflBLfc*— S^#F«ifi^iSttJI<fc 

[0 13 5] »6ft«U-1f*fll 3ICJt 

tilt* !*ttmt#7 s mo)±-az4 7iU&(OA\ InGa 
Ntffl^tC t\Z& 0, ±a?Lfc I n tA 1 ©EfclCJ: 
S»fttt«<tO»«*<j|«S« 3 cfc 0 <^^>-<h^ 

4 7C1SOA1 I nGaNSffl^fccilCJ; 
0. *M«AlGaNfcLft*lt«ll-3t*ftD, 

:mt AlGaNtffl^WJ: 
0*>4 7cfi&<OA 1 I n G aN^ffpi, MM £ flit' 
*2r*«* II*Ii:^-ftR»**<*«SftT^*fe©i# 

[0 13 6] [HiiS^JS] ttfllC^T. Stt^^r 

[0 13 7] WSttJB 1 0 7 (2 7. 1 2)) Si F — 
:/A 1 o. i5Ga 0 . 85 N, J^JP2 0 0A*6ft* 
2§l<2J5|g/g2 a, 7>F-yA 1 o. 0 2 Ga 
o. 98 N> JBIil 1 0 0 A*>e>fc*#FB lb, 7> H 
"^Al 0> 05 Ga 0 , 95 N, HiP 1 5 0A*6ft 
S|g 2 0»gjf 2 b £J! (ZfgJi Ufcm-g^#F«ii^ 

[0138] # en* u— -tram*. #fi©a>h* 

— 3KJtttLT. 5E«iS*jWI<tt***. 8MMt«**± 

£ e ^nH #F*OA 1 «»Jtft**< UfcCtKcfc 
D, »2<0»aJit^A>H*7-feu/ h**/h3<ft0, 

m i itsi^e»^>+t u r^FHWJcBBDii^en 

■3#***#<, 4 7ciS^>Al I nGaN^#Fil:ffi 
nafc^Ktfc^T, £XAffirt<DK^j£Ktf*o###g 
tlT^^fc^i^Aen^), Sol, SSIO 
MM. 312 S>MM$H>fn*M;:. In^Alch^ 

ttas^Wt^n. MfcS?£L<«* ±KJB<Brt. '>ft< 
<tfc#FJia< IntAI tft$tra<t**»#3&^ft^ 

Sn*. 



[0 13 9] [*tt«6] *M«1IC45^T, nffi^tf 
pffll3t^-f HJB©a**A 1 x Ga !_ x Nt 

[0140] x = o. i stLx. m2<Dmmmtmi 

^/hS<ft*fe©0» 03 (b) , E15 (a) 
(b) \Z7jk-r&o\Z, pnSlSBiife^oTaASft 
^di^e^-^ir^/ H*^;£<ft*c:<fcK<fc*aA24¥ 

3£*^l*iT/Mt<OJB©A 1 igJlit£*:#<T*C£ 
T, ±E«lfc#J2<0ck'5K:l»ffiJB, #FJB*KJS<0/hS 

H«t«flK<&±#* as^ffftoffiTtffi&n*. 3t#-f f 

AO. MICA 1 &AJ£x&, ^ICO^S^c^a IflAJt 

cfc o * e < t*G>«rti*«!* < ft o awn**** < 
«t-t**si6]k:**. hjs^j i - 3 ic^r 

a i Mmfr&fr2<?&££&m?&&<vfa±iz^u& 
[oi4i] [Mm 7 ] ^mm 1 k*ht. sttnn 
t. u— »raRp«»*. 

[0 14 2] S 1 (D@ii^7> H-/T'Mltf <7) 

3mAWt<4*«^«6ft. mi<Dmgtm\z\tn 

[0 14 3] #F@£S i K-yTMlT^Offilill 
ItflliHtSttHtLfc*^ 9JASftO©l/- tf 

»«fc«sft^* ; foft^*<fto, u— *fm*\zi*K 
*. 

[0 14 4] H5 (a) IC^T <fc 5 ^*S^#F<D 
f£tt/I£LT, S i K-7*A 1 o. i 5 Ga 
o. 85 N, 10 0 A<^mic7)®M®2 a. 7 > K — 7 
GaN, 5 OA0#pIl a, S i H-T^A 1 0 . i G 
a 0 9 N, lOOA0rtaSigI2c, 7>H-7'G 
aNL 5 0 A<D#Wm 1 b, 7>H-7 r A 1 0 . 0 5 G 
a 0 . 95 N, 1 5 0A^2^)Bii2b^SIlT 

3«t^«ff»Cct0#FBO*flE*<iST-r* 
«falCft*fc*T**<!:#AS>n*. 05 (a) 

tc^Tcj: 5 tc, mi vmrnm 2 a «t 0 trtficwss 2 c 
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t> *^»tt#*#<«WM"*«flK:**. 

gp»g^2c^, i5 (b) I^T^iC, m2<DB& 

x*^-*/hS<T*4:» ±aL&J:5K. F*]g&i3|g 
JBi#FJi£©:*:7-fcy Hs^/hS <ftO, SSFi^^ 
#EI*«a«i£TU — A 1 &$tt£ft4»¥«S#« 

JBi oHtBBAO/hS^^lclt^T, *^# 
[0145] [IHSS0J8] SiSS#J 1 fciSHT, HI 8 

[0 14 6] (nflMttf-f H»l 0 6 (IS 1 ©JfciK K 
126) ) A 1 X G a ^N^rglJlO. 1 5 /imt'f 

^<(c«£ot, Aim^citx^, o. ia>e>o. 02^ 
no. 1 uiTi(om mm&^mmmm «s s h— 

5 0nm« 4Katt7tt4tftttt) T7>H-yT» 

* 1 (ommm^D *>a> f** * yx^;^-o/h$ ^ 

[0 14 7] (p«ft#-f FJI 1 0 9 (*2 0*^H 
12 9) ) A 1 X G a j^NSBSff 0. 1 5 /imTJ£ 
SL> C£>(^ ricfi-TfclCtjEoTA 1 Sflje£itx£* 0. 

1*\ SttSCifi^<(cS£oTA 1 B»H:*«/hS<. /t> 
-V < LfcpflWfcJH' HH 1 0 

9£I£tt3o ICT, p«3t;tf< F«tt* i«)Oif 
0. 0 5 /xm (fSttJBflJO. 0 5/imO(W(, 
^*Ett««> ) «7>H-7 9 T«l, SIOCOJUIJIO. 
Um0««rHMgF-yT»«t«. fttt 
■ RtfpWm^aiiftJIjfi^OpflJJtif-f FS2 9tC*5 
^T, ^2^BMS«t0t)A l«*Jt*«/jNS<- A*>F 

* ^ >y 7x*JU^-0/Jn£ ^— »©*«3&«, % 2 CD^aH 

[0 14 8] »%ft*U-1f*fH *JS#J 1 KittSL 
T» A 1 <D¥-i%mi&\*m$fflCb<D<D. 18 (a) \Z7jk 

i::7>F-:/«« SRtt&fc*. 



[0 14 9] [*tt0J9] USS^J 1 (Cfe^T, 

(iSttJH 107 (27, 12)) Si H-^A 1 

0. 15 Ga 0. 8 5 N * Bt® 7 5A*>Stt*JBlG>l* 

2a, 7> F — I n o 0 2 Ga o. 9 8 N * K 
JP 1 0 0 A*i5£«#FB 1 b, 7>H-7 p Al 0i j 
G a o 9 N, 5A*^^§M2^BSi2 b £ 

W»ifflSbfc#-fi^#F«ig(OffittB^TS. ill: 
*5t>T»«ttft3 7 1 nm. I , h #3 0 

mAOl^g^lz-ifiWI^n^. 
[0 15 0] [HS£0iJ 1 0] £8501 1 iCfc^T, fStt/I 

A 1 o. 15 Ga 0. 8 5 N * 7 5 A<D?g 1 co»gl 2 
a> 7>H»yi n 0> 0 2 Ga o. 9 8 N * 5 0 AO 
#FB 1 a, S i F-7A 1 o. i Ga o. qN, 5 0 
AcoftgjS^gJI 2 c , 7> H — I n o. 0 2 G a 
0 9 8 N, 50AO#Filb, 7>H-7 P A1 
0 ,Ga 0> 9 N. 5 0A^2^Ii2b^I 
LTU— tf*-?***. £fflfc*5l>T#S«:ft3 7 1 n 
rru L*t>tt««t I t h ^3 0mA©»««fi©l/-if 

[0 15 1] [|Hj5£#Jl 1] 13 6 (b) £7ctC#^HJ<Z) 

567^*^2 o o\z^>^Tffiwrz>. 2 0 0 b 

[0 1 52] it 7 7 -f 7 (Cffi) <fc 0tt^S«2 0 1 * 
MO V P E<Dfcfo!g$gfo\z-£y b * * S: 8K L ^ 
b> S^^^ffi^ 1 0 5 0 € C^T'_h#^-^. SSO^ U 
-X>^£ff5. ;V;7rI (0^i±-r) :Sn^T, a 
S£5 1 OtT, S1Sl±tv:G a N<fc Oft 

A # 777i^ai ooAoRft'fifiSts. :on 

■ «m 1S 1 0 5 0TCT, 7> K-:/G aNJf £ 

1. 5/imOK»TlS4Sl**. C<^S«, 7>H-^ 

2 :«^T 1 0 5 0tT, Si^4. 5 X 1 0 i 8/cm 

3 K-^LfcA 1 0> o s G a o. 95 NJ:0Mnl 
3>^^hl (««aAI) 2 0 2 £ 2 m mCOlKiPT^ 

m^B2 0 3 :7>F-7 P A1 

0. 15 Ga 0. 85 N ^^^^^fi S (^1C7)K^S 

2 a) 410 0AO«fTSKft*t, i^T7>F-^ 
A 1 o. 0 5 G a o. 95 NJ:Dft£#F/i£ 3 0 A<D 



A . r » 



( 30 ) 4*^2003-273473 



mm-cf$.&2^z>o m^x, bijp3 oa, a i 0> x g 
a 0 . 9 N*>e>ft*rt»i*eB (Hs*r) 

it, #FBl£4B (H^-fr-T) fc. l*lg|$i$iiB£3B 

(Bs*f) *xsiw«blt. m'&iz$g2<Dmm. 

12bilt, mil 4 0 AcoA 1 o. 2 G a o. 9 N£ 

&JKJ¥3 8 0 A<&^fiS^#F*8i£<fc9&5 

(b) IC ST J: "SIC. gl(DP|gi2aJ:0^, A 1 fi 

2<^»SJ12 bckOfcA 1 gatt^*<. A>K*-v 

JSLfeWift-C**. p«J5y FJB2 0 4 : 7>H-^ 
<7)A 1 0 2 Ga o 8 Ni0ft*Al2 0 4t40A 
<ASiJ¥T~/5jt^$l±, K^TMgSSx 1 0 i 9/ C m3 K 
-yifeA) o. os Ga o. 95 NJ:0ft*BJB2 0 
5*2 5Ao«BT«fiSt*. *LTC*l&©Sfl5* 
»9igU AS, BBO«T«5lC5Hr^«»U- » 

m^otezpM&mm'ryy KB2 o 4*3 6 5 Aom 

Ot)A'>F=Pt7yx^M-^/h$<, A 1 fi-ftJto 
/hSV>*2©#»#Bfctt*. pffil:3>** KS2 0 
5 : jgc^T, Mg*lxi 0 20/ C |3K-yuftGa 
N«fc0&*p3Sn>^*hB2O5«-2O OA^IIPT 

[0 15 3] ErtaKTft-. IKSSHSTTH 
SiSlIf^ ^x-A*Kje*»rtC45^T, 7 00 
1CT7X-U >^*ff^^ p^B££ £lCi£ffitri{bT 

[0 15 4] 7z-'J>m "5x-AtR*Si*6 
BlDHJU *±BOpffi'Jxi>^ hI 2 0 S^SffitCdT 
ffi<B»»<0-eX£**lSU RIE (E*tt-f*>X^ 
^>^) 8fep«3>^^ M2 0 5«^6X7f > 
y«ffl^ H6 (b) lC^r<fc5»CnffliJa>^^ h§2 

0 2CD*®£:gfcU£-e£o 

[0 15 5] X-y^^ft, m±m\Z&2> vM3>22 
hI 2 0 5 0(5tJ±®(CJSJf 2 0 0 A<DN i i:Au^ 
tTM7tttOpmS2 0 6 ts ^C7)p«@2 0 6 <D±\Z# 
>T^>^OAu<tO&^p/VyFta (0Si±T) 
£0. 5 Mm©llfT»«t5. — Xyf>^i:<fc 
!> Btti 3 ruffle >^^hl 2 0 2 OD^lSlCteW* A 

1 £^trn«}i2 0 7 SMlTLEDi^tL^, 
[0 15 6] ^(OL ED«fttiSfi3 6 0 nmO^» 

t^SU 4#tC. ±E»2 0|»«JB*K^*Ci:T, 
»tt&<fSttB##ire#, RttttttKfcftaaft*^ 

[0 15 7] [JtKffll] ±E2l«0l2TSLfc.fc'5 
IC, SMfiMl K*5HT, !g2CO®gBOA 1 gUifcu 
SB 1 OKSB^IrIUO. 1 5ilT, 09. 10 



[0 15 8] 

@85T3 7 5 nmUT£^?&&&<Oftyt&T* V—*t 
tt§p D o£M«T£c:£#T££o to^> u— tfSi^teffi 
[HffiofB**i»B^] 

[0 i i *&w<D-mmmm\z&z is—vm^-mfe* 

KET*«^»rffieiT**. 

[02] 02 (a) j|Jfi«a8Jw«^«Ui 
*a6Kflt4*a»ffiHT*0, 02 (b) 
A 1 IflrtJtOHff *KWT*BT*S. 

[0 3] 03 (a) te**iH$>— Htt»ffiK«*«B 
«iS*R«T*«iiiBr*0, 0 3 (b) ttgtfSB 
*ai:»Kl/T;H7^tt»0/0 H«ifi*Bl91T** 

[04] 04 (a) (b) tt» tjEJfeftWl::* 

tts i/-if*fo;w tx*S8<7)/n*> H«jfi*Jtt^i"* 

[05] 05 (a) (b) 14, *^0JCO-^ 

[06] 06 (a) Rtf0 6 (b) 

»0, 06 (c) tt«B<OA 1 ai*ifc<0llB«*Itt9!T* 
0T**. 

[0 7 ] a*tifBK:*5**a if *^©tt»«Jfiic» 

[0 8] 08 (a) tt*J8H©— 
lC*tt«M>H«jB4 1*RT**BT*0, 08 
(b) -08 (d) ttftBlZ*5tt*ftW«a!^^>fi*» 

£©*«w£st«5£bt**. 

[0 9 ] **»»8T»* U— ffSIITfcUH 

T, fg2cp|3>MB4>A 1 SJIIt&M*0Kfl:£*tT*M 
tt««U t h $>£flS*r«T«StBT»*. 

[0 1 0] #^<D-^JS^T£>*U— 1f*TJC* 
^T, $2^1lOA 1 SStt<hJBIJPO&MtU:*fTa 

i • • ■ #fi> 2 • • • »gs* 2a- • • ft i com 

mm. 2 b • • - SB 2 £>»gB, 2 c . 2 d • • • Affi 
Rtg/f , 11- • • JB 1 12—- SttB, 

13 - • • ^25§iil, 25 • • • TBS* 5 5/ K, 2 
6 • • • TUftX-l KB <* 1 <£>ft#-r KB) ,28* 
• • pfflij** 'JTB&abB- 2 9-— ±SSJt^-f KB 
(Sg2 0Jt#-f KB) % 3 0 • • • ±»*^y KB. 4 
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o • • -mmmfe. 41 ■ • •/\*>F*Sii. 50 -ft* 

©JS2©l*ttJII;:*itt*A lSHJt, 51 • • 
*2©BttJS0/O HWifiCiilt*** 'J TOSAiil 
88. 52- • -!S£3|E©JIS2©l»eJBO^>F«ja«C*J»t 
+ Y 'J7£>aAii£Sg. 53- • • St*OS2 <£>»||Ji 
(DA*> Fflljg. 1 0 1 • • • Sffi. 1 0 2 - • • A?y 7 
7d. 103 ■ • • nfi]3>i'i'H, 10 4- • • £ 
^y^KltJf , 105- • • n<B']?7-y FJ§. 106 ■ 
• • n«3fc2M HJB. 1 0 7, 2 7 • • • i£tt«. 1 0 
8 • • • pfll'JmTlfli^Ji. 10 9- • • p«3t^-f H 

[01] 




(b) 




S. 1 1 0 • • • pfi'J^-;/ KJB. 1 1 1 • • • pffi'Js 

FJ1. 1 2 0 • • • p^S. 1 2 1 • • • n© 
g. 1 2 2 • • • vl\v FfHS. 1 2 3 • • • n/^y F 
«S. 16 2- • - M2 ro«Sgffil .164- 

• • atHR, 2 0 0 • • • RJt*^. 2 0 1- • •» 
«. 2 0 2 • • • nfflO^r «J7«*&JH. 2 0 3- • -ft 

2 0 4- • • pfi)J+-V U 7Wii»JB. 2 0 5 • • 

• pfflfl** iJ7«ft». 2 0 6 • • • pt®, 2 0 7- 



[02} 
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